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DISCLAIMER 

This report was prepared for the Ontario Ministry of the 
Environment as part of a ministry-funded project. The views and 
ideas expressed in this report are those of the author and do not 
necessarily reflect the views and policies of the Ministry of the 
Environment, nor does mention of trade names or commercial 
products constitute endorsement or recommendation for use. 



FOREWORD 



This literature survey was supervised by Keith Somers of the 
Great Lakes Section, Water Resources Branch. This project was 
initiated in response to a request for assistance from personnel 
of the Ministry of the Environment Southwestern Regional Office. 
This report has been reviewed by staff of the Water Resources 
Branch and Southwestern Region of the Ontario Ministry of the 
Environment. 



The study was funded in pari: by Environment Canada under the terms 
of the Canada-Ontario Agreement on Great Lakes Water Quality. 



EXECUTIVE SUMMARY 



The objectives of this project were to identify the implications of the 
introduction of the zebra mussel ( Driessena polymorpha ) to the Great Lakes 
and to identify the potential control measures to mitigate the effect of 
this introduction. Existing literature pertaining to the basic biology 
and worldwide distribution of the zebra mussel, and control methods used 
to eradicate adults and discourage juvenile settlement were summarized. 

Large populations of Dreissena polvmorpha . the zebra mussel, were first 
discovered in the Great Lakes in 1988 in Lake St. Clair. The zebra mussel 
is now present in Lake Erie and is expected to reach Lake Ontario by the 
end of 1989. Dispersal of the mussel throughout the Great Lakes will be 
enhanced by vessels that carry either encrustations of the adult zebra 
mussels or ballast water containing veligers. 

For the first few years after the initial invasion, there is usually an 
intensive development in population density and biomass of the zebra 
mussel. Reproduction of the zebra mussel occurs between June and October 
as water temperatures exceed 12° C. Planktonic veliger larvae are produced 
which will probably attain maximum densities in July- August between the 
3 and 7 m depths in a belt around the perimeter of the lake. Maximum 
growth rates are expected to exceed 1.5 cm per year to a maximum shell 
length greater than 4 cm. The maximum life span approaches 5 years. 

The greatest impact of the zebra mussel Is as a biofouler. The mussel has 
an extremely strong byssal attachment which enables it to attach to and 
occlude the insides of industrial and domestic pipelines and underground 
irrigation systems that draw water directly from the Great Lakes. The 
mussel can also foul navigation buoys to the point of submergence, encrust 
hulls of boats and encrust and clog fishing nets that remain in the water 
over the summer and/or fall. In addition, the mussels may become a 
significant vector of parasites that are lethal to game species of 
waterfowl and fish. 

Numerous control programs have been attempted. Unfortunately there is no 
universally accepted method for zebra mussel control. While the preferred 
abiotic control method is heat treatment, cooling water systems must be 
designed specifically for this ability. Flushing is a viable alternative 
if the intake is not too far from the plant, but complete 
prevention/removal of Dreissena is difficult. The most popular and 
effective control method is chlorination, but the formation of toxic 
organochorines in the environment is possible. Although biological 
controls are preferred because they would probably have the least 
environmental impact, an effective predator remains to be found. 

To prevent and control the spread of the zebra mussel in the Great Lakes 
and North American surface waters, research is needed to determine the 
biotic and abiotic factors that contribute to it success, in particular 
those that control growth and reproduction or byssal secretion in the 
mussel. The vertical distribution of the veliger larvae needs to be 

i 



mapped to detennine if intakes of industrial and domestic pipelines could 
be placed at depths safe from infestations. The use of established 
chemical and physical methods and alternative methods for controlling 
zebra mussel infestations in industrial and domestic facilities needs to 
be investigated in regards to potential environmental impacts. 
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1.0 INTRODUCTION 

Hebert et al. (1989) reported the first occurrence of the Zebra Mussel, 
Dreissena polymorpha (Pallas. 1771), in North America. Large populations 
were found on the south-eastern shores of Lake St. Clair and several 
other populations have since been recorded in Lake Erie. The species is 
a significant biofouling organism with industrial, domestic and tourist- 
related implications and it is a nuisance for recreational activities, 
particularly swimming and boating. The following report is an account of 
the general biology of the Zebra mussel, possible benefits, biofouling 
and nuisance tendencies and the control measures used by Europeans who 
have studied this pest for more than a century. The species name is 
pronounced "Dryseena pollymorfa". 

After reviewing the literature, numerous contradictions and questions 
arose surrounding the biology and control of D. polvmorpha in North 
America. Based on the European experience, additional studies are 
recommended to exploit the newly Introduced mussel and to control 
biofouling and nuisance tendencies in North America surface waters 
intended for industrial, domestic and recreational uses. 



2.0 CUSSIFICATION 

There Is yet no universally accepted system of classification of bivalve 
Mollusca because various authors have ascribed taxonomic importance to 
different diagnostic characters. Bowden and Heppell (1968) describe seven 
systems of classification for Mollusca, but the scheme for Dreissenidae 
has been relatively stable. In the following synopsis, the most recent 
revision by Voltes (1980) is used. Most of the differences in 
classification schemes for Dreissenidae are at the Order level, e.g. Ellis 
(1978) uses Cyrenodonta instead of Veneroida, but the other taxonomic 
levels are the same. 

CLASS BIVALVIA Linnaeus, 1758 

Subclass HETERODONTA Neuraayr, 1884 

Order VENEROIDA H. & A. Adams, 1856 

Suborder DREISSENACEA Gray, 1840 

Family DREISSENIDAE Gray, 1840 

Genus Dreissena van Beneden, 1835 

D. polymorpha (Pallas. 1771) 



Numerous errors in spelling and emendments of Dreissena have been made. 
Vokes (1980) gives references and lists as errors: Dreisena . Dreissencia . 
Dreissensia . Dreisseina . Dreyssseina . Drevssena . Preyssensia . 
Dreyssentia . and Driessensia ; emendments include Dreissenia , and 
Dreissensa. 

There are three species of freshwater biofouling bivalves in North 
Ajnerica (D. polymorpha . Corfaicula fluminea . MvtiloDsis leucopheata ). but 
Q. polvmorpha is easily distinguished from the other two. The zebra 
mussel is shaped like that of the edible marine mussel, Mvtilus edul is . 
with an acute umbone and slightly arched valves. The periostracum is 
yellowish or brownish with alternating zig-zag or wavy bands of brown or 



yellow, especially towards the umbone on the dorsal side (Fig. la). 
There are no hinge teeth and each valve has a calcareous shelf, called 
an apophysis, on the inside at the umbonal end. However, as the species' 
name implies, the shell is highly variable in form. In contrast, 
Corbicula fluminea has a somewhat triangular shell, is strongly striated 
(ribbed), the periostracum is glossy and yellow, brown, or blackish and 
the lateral hinge teeth are serrated (Fig. lb). It can tolerate low 
salinities but is freshwater in habit. HvtiloDsis leucopheata is a 
brackish water species and has been reported in North America only on the 
Atlantic coast from Maryland south to Florida (Pennak 1978). However, 
recent (but unconfirmed) reports have recorded specimens from the 
Mississippi River. This species resembles D. polymorph a in shape only. 
The periostracum of M- leucopheata is a uniform dark brown without 
alternating bands of colour and the valves also lack hinge teeth. 

The taxonomy of Dreissena is In disarray. Zhadin (1952) gives a key for 
five Russian species but polvmorpha is the only freshwater species. More 
recent Russian literature (Zolotareva et al . 1978; Birger et al . 1978) 
describes other species (e.g. bugensis . casoia crassa . rostriformis 
buqensis ) but most occur in brackish water and none have the periostracal 
zig-zag or wavy bands that characterize £[. polymorph a . Voucher specimens 
of the Lake St. Clair population of fi. DolymorDha have been deposited in 
the National Museums of Canada (Catalogue No. NMC 92862) (Hebert et al . 
1989). 

The phylogenetic relationships of Dreissena are largely conjectural. 
Morton (1969a) describes superficial similarities with the Mytilacea, such 
as the mytiliform shell, the ansiomyarian condition and the arrangement 
of byssal retractor muscles, that suggest a phylogenetic relationship. 
Toureng (1894a, b in Morton 1969a) isolates the Mytilacea from Dreissena 
because of the latter's possession of eulamelli branch ctenidia, a 
posterior aorta and similar features in the nervous system. 



Dreissgna apparently evolved from Conger i a (- Mvtilopsls . Morton 1979), 
the most numerous, most widely distributed and most variable of the 
Dreissenldae (Babak 1980). The two genera differ only in the presence of 
an apophysis (the apical, calcareous septum or myophore plate) in 
Oreissena . The systematic relationship with Mytiloosis is unclear because 
the taxonomy of Mytilopsis is prof used with synonymy, Mytiloosis sallei 
displays the same biofouling abilities as P. polymorph a . but in brackish 
waters (Morton 1979). The only Mytiloosis in North America (eastern 
coast) is leucopheata . but so far it has not exhibited the extreme 
biofouling tendencies as fl. sallei or fi. Dolvmorpha . 



3.0 GENERAL BIOLOGY 

3.1 ANATOMY AND MORPHOLOGY 

The Dreissenldae are heteromyarian (anterior and posterior adductor 
muscles of different size and shape), strongly byssate bivalves. Their 
heteromyarian condition and mytiliform shell lend them the common name of 
"mussel". 

Morton {1969a) describes some aspects, such as the shell, siphons, 
mantle, excretory organs, muscular system, and alimentary canal of the 
anatomy of D. polvmoroha and gives a detailed account of the way in which 
particulate food material is sorted by the cilia of the gills, labial 
palps and stomach. Ciliary currents of the mantle and visceral mass are 
predominantly cleansing and the accumulated waste material is ejected as 
pseudofaeces out the inhalant (lower) siphon. In spite of its adaptation 
to a freshwater habitat, the zebra mussel has retained some primitive 
features, such as a free-swimming veliger, simple mantle fusions and a 
functional byssus in the adult. 

The locomotory and byssal secretion features of fi. polvmorpha are 
described by Oldham (1930). Byssal threads, formed from secretions of the 
byssal gland, are formed one at a time in the byssal groove of the foot. 
Animals detach themselves by discarding the entire mass of old, useless 
threads and then secrete a new series of byssal threads. The frequency 
of byssal detachment/secretion in an adult is unknown and needs further 
investigation, particularly if zebra mussels are to be used as in- situ 
monitors of contaminants or if their numbers can be controlled by 
inhibiting/preventing byssal section. 

3.2 PHYSIOLOGY, BIOCHEMISTRY, GENETICS 

Much of the recent literature examines the physiology (e.g. osmotic and 
ionic regulation, Komendantov et al . 1985; filtration characteristics, 



Jorgensen et al . 1984; resistance to blue-green metabolites, Birger et 
al . 1979^, genetics (e.g. karyotype, Grishanin 1987; polymorphic systems, 
Scheil and Guenther 1981; DNA characteristics, Petrov et al . 1977) and 
biochemical composition (e.g. protamines, Subirana and Colom 1987; uric 
acid composition, Secchi and Martoja 1986; anaerobic fermentation 
products, Kluytmans and Zandee 1983; carotenoid content, Czeczuga 1978) 
of animals from different populations of D. Dolymorpha . As an example, 
Alyakrinslcaya (1978) studied the employment of biochemical mechanisms in 
JJ. Dol ymorpha to reinforce buffer properties when resisting shifts toward 
acidity during desiccation. 

However, to prevent the spread of Q. DolvmorDha in the Great Lakes and 

other North American surface waters, studies are needed to identify the 

physiological, biochemical and genetic factors controlling growth and 
reproductive processes. 

3.3 LIFE HISTORY 

The life history of D. polymorpl^a is remarkably similar in many lakes 
(cf. Karpevich 1955; Katchanova 1961; Shevstova 1958; Morton 1969a; 
Hillbricht-Ilkowska and Stanczykowska 1969; Walz 1973; Suter-Weider and 
Zimmermann 1976), but variations are common (Kirpichenko 1964; Lewandowski 
and Ejsmont-Karabin 1983; Dorlego and Gorter 1985; Zhdanova and Gusynskaya 
1986; Afanas'yev and Protasov 1988) 

Typically, adults become sexually mature in their second year of life 
(Morton 1969a; Stanczykowska 1977). Zebra mussels have exceedingly high 
fecundities, varying from about 30,000 eggs/female in their first year of 
sexual maturity to 40,000 eggs/female in their third and fourth year 
(Karpevich 1955; Katchanova 1961). Stanczykowska (1977) estimates that 
a female can produce approximately 150 thousand eggs in her life time 
(4-5 years). Oogenesis begins in autumn followed by intensive growth 
of the oocytes in spring (Antheunisse 1963) in females with a length of 
8-9 mm or larger (Van Diepen 1983, cited in Dorgelo and Smeenk 1988). 



The structure of spermatozoa of D. polymorDha is described by Franzen 
{1983). D. DolvinorDha is dioecious, eggs and sperm being released into the 
water where fertilization takes place. In thermally enriched reservoirs 
reproduction may continue for several months or even throughout the entire 
year (Serafimova-Hadisce (1957) and Yarosenko and Nabereznyj (1971) in 
Lewandowski and Ejsmont-Karabin 1983). Sprung (1987) showed that 
fertilization of the eggs can be delayed for 2 to 5 hours depending on 
temperature. Development of the leclthotrophic eggs can occur between 
12 and 24° C. The lecithotrophic eggs require calcium for development but 
are tolerant of low oxygen levels and intolerant of turbulance caused by 
aeration (Sprung 1987). 

The first appearance of free-swirtining larvae, the veligers, in the 
plankton is temperature dependent, usually in June at 14 to 16'C (Breitig 
1965; Kirpichenko 1964, 1965; Morton 1969a; Stanczakowska 1977; Galperina 
1978; Lewandowski and Ejsmont-Karabin 1983) but occasionally in April in 
thermally enriched reservoirs (Afanas'yev and Protasov 1987) or later in 
August at 20 to 2rC (Hillbricht-Ilkowska and Stanczykowska 1969a) (Table 
1, Fig. 4). Larval development is optimal at 20 - 22'C (Kachanova 1961, 
1963; Walz 1973; Kornobis 1977) and the veliger larva leads a planktonic 
life for usually 8 - 10 days (Stanczykowska 1964, 1977; Morton 1969; 
Wiktor 1969; Lewandowski and Esjmont-Karabin 1983), but up to 16 days has 
been observed by Kirpichenko (1962). Mean summer temperatures of 25-27°C 
or a thermal discharge of 37''C severely depresses growth and development 
of larvae (Afanas'yev and Protasov 1987). Because of asynchronous egg 
production and differential rates of egg development, the veligers are 
found in the plankton, usually for 3 to 5 months but sometimes from 2 to 
8 months (June to October). The planktonic period may be extended 
throughout the winter if the larvae do not appear until August 
(Kirpichenko 1962, 1964). 

The veliger (Fig. 5) is rotifer-like. At hatching from the egg the 
veliger is about 40-70 urn in diameter but grows quickly to 180-290 um in 



diameter (Table 1) (KorscheU 1891; Clarke 1952; Ingram 1956; Kirpichenko 
1964; Stanzcykowska 1977). They swim with the velum upward but may 
retract the velum and sink at the slightest disturbance. The rudiments 
of the shell first appears in the veliger (Fig. 5). The larvae undergo 
several anatomical and morphological changes, such as reduction of the 
velum which becomes a siphon, lengthening of the foot and development of 
blood and some organ systems as they permanently sink and take up a 
sedentary life. At this point the larva is known as a postveliger. The 
foot continues to grow and by the end of the season of its birth the 
postveliger settles and attaches itself by byssal threads. The byssal 
threads are at first white with a slight base plate but slowly turn brown. 
About 12 byssal threads per day can be put down by an adult mussel 
(Clarke 1952). The mussels grow to 5-10 mm in their first year of life. 

The postveliger and settling stages are the most sensitive stages to 
temperature shock and anoxia (Biryakov et al . 1964; Mikheev 1964b) which 
can result in mortality exceeding 99% during these stages (Wiktor 1969; 
Stanczykowska et al . 1975; Stanczykowska 1975, 1977). 

The Russian literature (e.g. Kirpichenko 1964) has different definitions 
for the same terminology. They use veliger for both free- swimming and 
settling stages and post-veliger for the stage immediately past veliger, 
then a siphon-forming stage and finally the brachi si phonic stage. The 
term accumulations is used for aggregations on sticks and parts of 
submerged plants and druses for aggregations on flat surfaces. 

3.4 AGE AND GROWTH 

The number of growth rings on the shell has been used to estimate age In 
Q. Dolvmoroha by numerous people (Wiktor 1963; Stanczykowska 1964; Morton 
1969b; and Kornobis 1977). However, not all rings are annul i and up to 
5 rings a year are laid down (Lewandowski 1983a). Some of the rings are 
rest marks caused by a variety of reasons, including unfavourable food 
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conditions (Morton 1969b; Walz 1978b), thermal conditions (Afanas'yev and 
Protasov 1987), anoxia (Mikheev 1964b), and diseases or parasites 
(Stanczykowska 1977). Hence some age estimates (e.g. Stanczykowska 1963, 
1964) were in error by at least 2 times the actual age. 

Relationships between age and shell length or weight of D. polymorpha 
appear to fall into two main groups (Fig 6). The first is a small, 
slow-growing group in which the maximum shell length is 3.5 cm or less 
and is characterized by populations from Poland (e.g. Wiktor 1963; 
Stanczykowska 1964; Kornobis 1977), Austria, Hungary and Switzerland 
(Pedroli 1978; Stanczykowska 1979) and Russia (Hikheev 1964a). The second 
is a large, fast-growing group in which the maximum shell length is 
greater than 4 cm and is characterized by populations from Britain (e.g. 
Clarke 1952; Morton 1969b) and perhaps Canada, since the largest 
specimens found (3 cm) by Hebert et al . (1989) appeared to be 2.5-3 years 
old (Tables 2, 3). The maximum growth rate for the first group appears 
to be less than 1 cm/yr, while for the second it is greater than 1 cm/yr 
(Table 2). 

The growth rate of Q. polvmorpha is dependent on food concentration and 
uptake, temperature and body size (Walz 1978b). A negative power 
function, G - cV, correlates the decrease in growth rate with increasing 
body size. Also, growth rate increases with increasing food concentration 
up to 2 mg C/L with an optimum between 10 and 15" C. Crucial for growth 
is the biochemical composition of the food and crucial for food intake 
is the ratio of biochemical nutritional content to cell volume (Walz 
1978d). 

3.5 LIFE SPAN 

The life span of C- Dolymorpha is highly variable among lakes (Table 2). 
In the complex of Goslawsko-Slesinskie Polish lakes the average life span 
never exceeded 3-4 years (Stanczykowska 1976); in the Polish Mazurian 
lakes, 5 years (Wiktor 1963; Stanczykowska 1964, after correcting for her 



errors in estimating age, Fig. 6); in a British reservoir, 5 years (Morton 
1969b); in Swiss lakes, 6-7 years (Stanczykowska and Lewandowski 1975); 
and in some Russian reservoirs, 6-9 years (Mikheev 1964a; Lyakhov and 
Mikheev 1964). Zebra mussels inhabiting heated waters have truncated 
life spans (Stanczykowska 1976; Kornobis 1977), typically about 1 year 
less than in unheated lakes in the same area. Kornobis (1977) believes 
that intensity and prevalence of parasites increases in heated waters and 
removes older individuals. 

3.6 FOOD AND FEEDING 

Filtration of food particles by fi. dqI vmoroha is a highly efficient 
process where food selection is performed by cilia in the mantle cavity 
(i.e. on the gills, labial palps and foot) and in the stomach and midgut 
(Morton 1969 a,c; Ten Winkle and Davids 1983; Sprung and Rose 1988). 
Cilia in the mantle cavity and stomach select food particles of 15-40 urn 
(Ten Winkle and Davids 1983) but can filter out particles as small as 
0.7-1.0 urn in diameter (Jorgensen et al . 1984; Sprung and Rose 1988). 
Mikheev (1967) suggests that Dreissena can even ingest particles as large 
as 450 um, which is as large as some rotifers. 

Although Morton (ig69b) and Benedens and Hinz (1980) found a circadian 
rhythm of adductor activity and quiescence that was related to 
filter-feeding habits of individuals, Walz (1979) found no particular 
activity rhythm. However, in all studies, feeding was discontinuous 
rather than continuous. The extra-cellular digestive processes in the 
stomach correlated with secretion and partial dissolution of the 
crystalline style while intra-cellular processes in the digestive 
diverticula correlated with development, absorption and reformation of 
digestive tubules (Morton 1969f). The filtration rate is decreased by 
low and high turbidities (or algal densities), low and high temperatures, 
and increased by certain concentrations of specific sizes and kinds of 
algal cells (e.g. Chlamvdomonas l . bacterial cells, and by increasing 
shell length (Morton 1971; Hinz and Scheil 1972; Benedens and Hinz 1980; 
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Lewandowski 1983a). The filtration capability of D. Dolymorpha in relation 
to its role as a clarifier of water in an entire lake, epilimnion or 
littoral zone has been demonstrated by Horton (1971), Stanczykowska et 
al. (1976), Walz (1979), Shevtsova and Kharchenko (1981), Piesik (1983), 
Lewandowski (1983b), and Stanczykowska and Planter (1985) (Table 3). 

3.7 PREDATORS 

Larval (i.e. veligers and postveligers) zebra mussels are consumed mainly 
by crustacean zooplankton (e.g. Cyclops) and larval fish (e.g. roach) 
(Zhdanova and Gusynskaya 1986), but the relative importance of these 
predators to overall larval mortality is unknown. According to 
Stanczykowska (1953, 1964, 1976, 1977) and Wiktor (1969) as much as 99.8% 
of the mussels die In their first year of life, mainly in the winter 
months (Piesik 1983). The most vulnerable stages to mortality are the 
settling stage and the postveliger stage (Lewandowski 1983b). However, 
the relative contribution of biotic and abiotic mortality factors (e.g. 
predation, cold temperatures, low dissolved oxygen levels, etc.) to larval 
mortality has not been established. Kornobis (1977) claims that veliger 
abundance is "not distinctly connected with the quantity of dissolved 

oxygen, pH or temperature". Studies to determine the biotic 

and abiotic factors affecting larval mortality are needed to establish 
whether zebra mussels can be controlled in the Great Lakes. 

Zebra mussels have high nutritional value (Walz 1979) and are consumed 
in large quantities by crayfish, fish, and waterfowl (Stanczykowska 
1977), and in smaller quantities by muskrats (Wolk 1979). The 
nutritional value changes seasonally, particularly in terms of protein and 
carbonate content (Walz 1979). 

Szlauer (1974) was among the first to report predation on zebra mussels 
by crayfish f Orconectes limosus ). Piesik (1974) showed that crayfish 
could have a significant impact on the densities of 1 to 5 mm-long zebra 



U 



mussels at 17 to 20 C. Adult crayfish, 90 mm long, consumed an average 
of nearly 105 zebra mussels per day, or about 6000 mussels during the 
summer season. Although crayfish may limit the numbers of mussels in 
certain circumstances (Piesik 1974), it is unlikely that crayfish 
predation would be an effective biological control in deep lakes because 
predation rates are significantly reduced at cooler water temperatures 
and they are not efficient at gleaning the entire substrate of mussels. 

Several species of fish consume zebra mussels, including bream, eel, 
whitefish, sturgeon, wild carp, white bream and flounder (see 
Stanczykowska 1977, p. 510 for specific references; Daolas and Economidis 
1984). Of these, roach seems to have the most significant impact on 
mussel densities. The roach has strong pharyngeal denticles and can 
consume large shells (Budzynska et al. 1956; Stanczykowska 1977). In 
some Polish lakes the diet of the roach consists almost exclusively (i.e. 
95-100%) of zebra mussels (see Stanczykowska 1977, p. 509 for specific 
references), although feeding on zebra mussels may be seasonal (e.g. 
autumn and winter, Wiktor 1969). In general, it appears fish do not 
limit the densities of D- polvmorpha in European lakes. 

The only other significant predators of zebra mussels are waterfowl. 
Stanczykowska (1977) cites specific references for Fulica atra (baldcoot), 
Aythva fulioula (tufted duck), Avthva ferina (pochard), Anas platyrhynchos 
(fen-duck), Netta rufina (scarp-duck), Somateria mollisima (eider), 
Bucephala clanaula (golden-eye), Merous serrator (sawbill), M. merganser 
(common merganser). Gall inula chloroous (moor-hen), Larus argentatus. 
CjifiM$ and rudibundus (gulls), Tadorna tadorna (shelduck), Anas streoera 
(gadwall ) and Podiceos ruficollis (grebe) as predators of zebra mussels. 
However, the impact on zebra mussel densities is variable, from little 
or no effect (Wiktor 1969) to significant decreases of 32% (Stempniewicz 
1974), 93% (Hikulski et al . 1975) and 97% (Suter 1982) in zebra mussel 
bioraass, especially in the winter months. The population of D. polymorpha 
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maintains itself by mass migration of mainly 1-yr old mussels in the 
summer months (Suter 1982). 

3.8 PARASITES 

Freshwater bivalve molluscs are common intermediate hosts of parasites, 
particularly trematodes, whose definitive hosts are fish, waterfowl and, 
occasionally, man (Cheng 1973; Olsen 1974;). Hackie (1989) listed 38 
species in 5 families of trematodes that infect Corbiculacea. 
Stanczykowska (1977, pp. 511-512) concludes from her literature survey 
that D. Dolytnorpha is not a common vector of parasites. Protozoa and 
Trematoda were the most common parasites found, with Nematoda observed 
sporadically. Of the Protozoa, Conchophthrirus acuminatus . Ancistrumina 
limnica . Hvpocomagalma dreissenae and Sphaenophyra dreissenae are 
reported as conrnon parasites but do not seem to "affect numbers" of the 
zebra mussel . The most dangerous protozoans for the zebra mussel are an 
undescribed species 30-40 um in size that forms large masses in tissues 
and intercellular spaces and a species belonging to the family 
Ophryoglenidae that parasitizes the digestive gland; infections by either 
species kill the mussels. Trematodes are apparently less common 
parasites of zebra mussels than Protozoa, the only species reported being 
Bucephalus polvmorphus (Sinitsyn 1905; Kulczycka 1939; Hisniewski 1958; 
Wallet et al . 1985; Wallet and Lambert 1984, 1986), Phvllodistomum folium 
(Kulczycka 1939; Breitig 1965; Lyakhnovich et al . 1983), Aspidoqaster 
conchicola (Wisniewski 1958), Sanquinicola sp. (Wisniewski 1958) and 
Echinoparyphium recurvatum (Breitig 1965). The greatest infestation rate 
observed was 10%. 

The effects of parasites on Q. polymorpha appear to be minimal. Wallet 
et al. (1985) found that filtration activity in the zebra mussel was not 
affected until high emissions of cercariae of g. polvmorphus occurred. 
Intensity of parasitism by P. fol ium was directly correlated to shell size 
of D. polymorpha with the maximum number recorded being 200 at a shell size 
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of 24-28 mm. The effect of infestations of fi. DolvmorDhus on siphonal 
activity of Q_. Dolymorpha was examined by Lambert et al . (1984). 

While Stanczykowska (1977) concluded that parasites cannot significantly 
affect changes in densities of fi. polymorpha . it is likely that the 
establishment of zebra mussels will contribute to increases in the 
infection rate in definitive hosts, especially fish and waterfowl. The 
incidence of parasitism in zebra mussels in the Great Lakes should be 
closely monitored to determine if the infection rates of definitive hosts 
increase as a result of the estab^lishment of zebra mussel populations. 

3.9 DISTRIBUTION 

3.9.1 Zoogeography 

Dreissena polymorp ha was found and described first in the northern 
part of the Caspian Sea and in the Ural River by Pallas in 1769 
(Stanczykowska 1977). By the early 19th century the geographical range 
of C- polymorpha had been dramatically extended. Grossinger reported it 
in Hungary in 1794 (Clarke 1952). Kerney and Morton (1970) describe the 
rapid invasion of Britain by the zebra mussel, first In Cambridgeshire 
in the 1820's, London in 1824, Yorkshire 1n 1831-33, Forth and Clyde 
Canals in 1833, and in the Union Canal near Edinburgh in 1834. From 1835 
onwards the British records become numerous. In Germany the invasion was 
just as rapid; Rotterdam in 1827, Hamburg in 1830 and Copenhagen in 1840 
(Morton 1979). Invasion of the zebra mussel throughout the USSR was just 
as startling; from the Dvina River Basin in 1845, through the Mariinsk 
Canal system to western Europe, and more recently (1960*s) through the 
Oginski and Moscow Canals (Zhadin 1952; Kuchina 1964; Kachalova and Sloka 
1964; Breitig 1965). Expansion of its range in the USSR is still 
occurring at a rapid rate (Stadnichenko 1978; Gontya 1978; Pligin 1980; 
Sergeev 1981; Frank 1984). It appeared in the Scandinavias in the 1940's 
(Novak 1974) and has since appeared in numerous Swiss lakes (Binder 1955; 
Geroudet 1966). It is now in Italy (Giusti and Oppi 1972; Bianchi et 
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a1 . 1974), Finland and Ireland (Stanczykowska 1977) and the Iranian coast 
of the Caspian Sea (Tadzhali-Pur 1980). 



The western-most range of 2- pol vmorpha is the Laurentian Great Lakes in 
North America where it was recently introduced, apparently in the ballast 
of ships (Hebert et al. 1989). Evidently the mussel was introduced in 
1986 as 1-yr olds and it has since spread halfway up Lake Erie. At its 
present rate of dispersal downstream, the species should be throughout 
Lake Erie by the fall of 1989 and in Lake Ontario by 1990. The rate of 
its northward spread into Lake Huron will depend mostly on passive 
dispersal mechanisms (discussed below). The present world-wide 
distribution of fi. pol vmorpha is shown in Fig. 2. 

The fossil record of fi. pol vmorpha indicates a Pleistocene origin which 
so far seems to be restricted to Poland (Stanczykowska 1977), Bulgaria 
(Shopov 1984) and the USSR (Zhadin 1952; Babak 1980). 

3.9.2 Dispersal Mechanisms 

The most dramatic dispersal phase is the planktonic veliger stage. 
Intracontinental dispersal is most quickly effected within watersheds via 
downstream movement, mainly passive, of huge numbers of the veligers. 
Artificial canals have enhanced the dispersal among watersheds, especially 
In the USSR (Zhadin 1952) and Britain (Kerney and Morton 1970). Young 
adults (yearlings) are also capable of dispersal since they can detach 
from one substrate and relocate and attach to a different substrate. 
Adults may be dispersed by attaching to logs and other floating objects 
that are subsequently carried downstream. Zebra mussels commonly attach 
themselves to the hulls of boats (Alibekova et al . 1985; 1986) which 
greatly enhances the probability of dispersal throughout lakes and 
watersheds, especially in upstream directions. 



IS 



Overland dispersal of Hollusca via birds and insects as dispersal agents 
may also occur (Kew 1893), but the importance of this mechanism to 
upstream and interwatershed dispersal of zebra mussels has not been 
demonstrated. 

Intercontinental dispersal occurs mainly by passive means; on the hulls 
of boats and ships that sail in intercontinental freshwater canals or 
river systems (Lyell 1837, 1840), attached to merchandise, such as wet 
timber, in the damp holds of ships (Gray 1825; Bell 1843; Kerney and 
Morton 1970), or in the freshwater ballast of ships that is discarded on 
arrival. The latter method is especially effective for transoceanic 
dispersal, such as has apparently occurred for the Lake St. Clair 
population of fi. polyworpha (Hebert et al . 1989). 

Obviously, dispersal of fi. polvmorpha to other bodies of water should be 
prevented wherever possible. Unfortunately, this objective is difficult, 
if not Impossible to achieve, now that this species has entered and has 
become established in the Laurentian Great lakes. 

3.9.3. Depth Distribution 

The depth distributions of veliger larvae and adults will be considered 
separately because of their different habits; the adults are epibenthic 
and byssally attached to firm substrates and the veligers are 
free -swimming and in the water column. An overview of the variations in 
depths of maximum densities of both adults and larvae in different 
habitats is given in Table 5. 

3.9.3.1 Adults 

The depth of maximum density is highly variable among lakes (Table 5) and 
varies seasonally, the smaller (younger) specimens migrating from shallow 
water in the summer to deep water in the winter (Berg 1938; Stanczykowska 
1964). This migration results in a seasonal shift of the age structure 
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in the main belt of occurrence, from an increase in the proportion of 

young specimens during summer to a decrease in the winter; the 

distribution of adults at greater depths is subject to only minor 
seasonal changes (Stanczykowska 1964). 

In Polish lakes the depth of maximum abundance usually varies between 2 
to 4 m but maxima in 11 to 12 m may also occur (Fig. 3b). Few specimens 
though occur below 15 ra in any lake (Stanczykowska 1964). In Danish and 
German lakes, maximum densities at 10 to 14 m are cotranon and many 
specimens may still be found at 44 in (Lundbeck 1926; Dunn 1954). The 
greatest depth of maximum density reported to date is by Franchini (1978) 
who found 24,000 specimens/m* at 18 m and 20,000 at 50 m. However, he did 
not state the maximum depth of the lake or whether the lake was warm 
monomictic, considering that all other lakes reported above are temperate 
dimictic lakes. The depth distribution of adult zebra mussels and its 
seasonal dynamics in the Great Lakes should be studied so that control 
measures that are affected by the depth distribution of the mussels can 
be properly employed. 

3.9.3.2 Veliqers 

The vertical distribution of veliger larvae has been studied more than 
their horizontal distribution but both types of distribution are well 
understood. In general, the maximum densities of veliger larvae occur at 
the 3 to 7 m depths (Table 5) in a "belt of shore waters" (Wiktor 1958; 
Stanczykowska 1964; 1977) around the perimeter of the lake. The width 
of the belt depends on the bathymetry of the lake with the widest belts 
occurring in lakes with a shallow slope. The larvae are usually 
contagiously distributed (Fejgina 1950; Tarwid et al . 1953; Ehrenberg 
1957) but the reasons for the contagious distribution are not well 
understood. Stanczykowska (1964) claims the patchiness is not due to 
prevail ing winds. 
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The depth of maximum density seems to be limited by the secchi depth 
visibility (Suter-Weider and Zimmerman 1976) and temperature (Lewandowski 
and Ejsmont-Karatin 1983). The depth of minimum density of veliger larvae 
usually corresponds roughly to the upper level of the thermocline (Fig. 
3a). The numbers of veliger larvae are typically reduced to zero at the 
lower level of the thermocline, particularly in lakes whose hypolimnial 
temperature is close to 4''C. However, there appears to be a diurnal 
movement of larvae; Zhdanova and Gusynskaya (1985) reported maximum 
densities near the surface during early morning and at 5-7m during the 
day. Kachalova and Sloka (1964) reported maximum densities (10,000 to 
80,000/m*) near the surface during the first part of the day (i.e. 3:30 
to 11:30 hrs) and at 8-lOm in the latter half of the day (i.e. 15:30 to 
23:30 hrs). Since the vertical distribution of veliger larvae seems to 
be limited by cold temperatures, the profile of veliger larvae densities 
in the Great Lakes should be examined diurnal ly and monthly (June to 
October) to determine if intakes of industrial and domestic pipelines 
could be placed at depths that would avoid zebra mussel infestations. 

3.10 STANDING CROP AND PRODUCTION 

The densities (#/m') of fi. pol vmoroha are typically high, e.g. 5,000 
(Lundbeck 1926); 7,000 (Cvetkov 1957); 30,000 (Wesenberg-Lund 1939); and 
the greatest value yet reported, 114,000 (Wiktor 1963). The abundance 
of Q. Dolvmorpha has been related to trophic type with largest populations 
occurring in eutrophic waters (Deksbach 1935; Zhadin 1946). However, in 
a survey of 36 Mazurian lakes, Stanczykowska (1964) found no relationship 
between abundance of g. Dolvmorpha and trophic status of lakes. Indeed, 
large populations of zebra mussels have since been reported in deep, 
oligotrophic lakes (Suter-Weider and Zimmermann 1976; Dorgelo and Gorter 
1985). The zebra mussel has a contagious distribution and tends to 
distribute itself independently of other molluscan species (Bishop and 
DeGaris 1976). 
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Stanczykowska (1964) found that lake surface area explained much of the 
variation in mean densities of zebra mussels. The greatest densities 
usually occurred in lakes of large surface area, mostly above 1,000 ha. 
Weaker, but significant relationships, were also found between calcium 
content and D. polyniorpha abundance with the greatest densities occurring 
in lime-rich lakes. She concluded that fi. pol vmoroha tended to occur 
(i.e. there were exceptions) in large numbers in lakes characterized by 
a lower degree of eutrophy, greater depths, larger surface areas and a 
higher calcium content than in highly eutrophic basins, more reduced in 
extent, shallow and poor in calcium. 

Tremendous development in numbers directly after invasion into a new 
environment is characteristic of D. polvmorpha (Stanczykowska 1977). A 
period of intensive development usually lasts for some years after which 
population density decreases and becomes more-or-less stable at a much 
lower level (Walz 1973, 1974). Typically, two to three fold fluctuations 
(decreases and increases) in abundance occurs (Stanczykoska 1975; 
Stanczykowska et al . 1975) but population crashes such as those that have 
occurred in some Mazurian lakes (Stanczykowska 1977) are rare. So far, 
no reasons have been given to explain these fluctuations; nor is it known 
at what stage of life (veliger, postveliger or adult) the fluctuations are 
most strongly pronounced (Stancykowska 1977). 

Aggregations, or colonies, of D. pol vmoroha are characteristic of 
biofoulers (Wiktor 1963; Stancykowska 1964). Aggregations occur by groups 
of individuals (two to several hundred) attaching to one another by tufts 
of byssal filaments. Early studies (e.g. Zhadin 1946, 1952; Horvath 1955) 
suggested that the numbers of mussels in an aggregate is related to the 
space that enables swimming larvae and adults places to settle and become 
attached by means of bysses. However, Stanczykowska (1964) showed that 
the density of mussels in an aggregate was unrelated to the surface area 
of the "substrate" up to a certain limit, beyond which there was a 
pronounced relationship. The critical surface area (area above which a 
relationship was found) differed between lakes, from 40 cm^ (20 
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individuals/aggregate) in Tyrkto Lake to 70 cm^ (140 individuals/aggregate) 
in Swiecajty Lake. In general, the oldest individuals occupied the centre 
while, as expected, the age decreased towards the outermost regions of the 
aggregate. The average numbers of individuals in aggregations within a 
station, in the main belt of occurrence, differed only slightly from one 
another. In shallow waters, aggregations consisted mostly of young 
specimens, while in deeper waters aggregations consisted mostly of adult 
specimens, although within a particular depth, aggregations were found to 
be similar in age structure. Allee et al . (1958) showed that overcrowding 
lowered the fertility, growth rate, and maximum age. 

The biomass of Q. polvmorpha in a given water body is usually related to 
the density (Stanczykowska 1976) but the average biomass of populations 
is highly variable among lakes (e.g. 20 kg/m^ Wiktor 1969; 1.5 kg/m*, 
Hikulski et al . 1975; 0.13 kg/m', Kuchina 1964) and within lakes (e.g. 10- 
15 kg/m\ Sokolova 1961; 2.8-10.5 kg/m*, Afanas'yev and Protasov 1987; 
0.05-0.10 kg/cs*, Stanczykowska et al . 1983). Some of this variation is due 
to variations in the "condition" of mussels and in length/weight 
relationships (Stanczykowska 1964). Several indices of condition have been 
used: length, height and/or width or "size" of shells; wet and dry weight 
of whole animals, shell only and dry tissue only; length:width ratio or 
slenderness; length:height ratio or flatness; and the ratio of wet weight 
to dry weight (Stanczykowska 1964). Of these, slenderness, flatness and 
ratio of wet to dry weight showed the least variation within and among 
lakes, whereas average size and weight varied considerably among lakes but 
tended to vary only slightly within lakes. Body (tissue) weight and 
shell weight tended to vary in the same manner among lakes (i.e. lakes 
with high shell weights also had high body weights). 

Regressions of shell length and shell and body weight are relatively 
uncommon in the literature but the relationship follows the power 
function, Weight - a X Length% where b varies between 1.937 and 3.284 
(Stanczykowska 1977). The length/weight relationship appears to vary 
considerably among lakes (Lyakhov and Hikheev 1964; Walz 1978 a,b; 
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Stanczykowska 1979) and over time (Stanczykowska et al . 1975). 
Stanczykoftska (1979) concluded that the length/weight relationship was 
a clear indicator of the variability of environmental conditions. 

Estimates of annual production of Q. polymorpha are uncommon but varied 
between 0.1 and 29.8 g/ra*/yr dry body weight and 3.3 and 525.9 g/mVyr 
total dry weight. The P/B ratio varied between 0.42 and 0.65 for dry 
body weight and 0.47 and 0.81 for total dry weight (Mikulski et al . 1975; 
Stanczykowska 1977). The values though did not include gamete production. 
Walz (1978c) included gamete production and reported a significantly 
higher P/B ratio of 6.83. Other factors must be more important because 
gamete production amounted to only 3.9% of the total. 
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4.0 PROBLEHS WITH ZEBRA HUSSEL INTRODUCTIONS 

By far the most significant impact of zebra mussel introductions has been 
upon those portions of the aquatic environment utilized by man (Table 6). 
The following is a summary of the problems, or potential problems, that 
have been reported to date. 

4.1 BIOFOULING 

4.1.1 Intakes and pipelines 

In industrial (e.g. food, chemical and power plants) and domestic (e.g. 
waste treatment plants) pipelines the problems they have caused have been 
defined by Morton (1979) as: (i) a reduction in the bore of the pipe; (ii) 
a reduced flow through the pipe due to friction loss (turbulent flow 
instead of laminar); (iii) electro-corrosion of steel or cast iron 
pipelines; (iv) the deposition of empty valves at the pipe outlet; (v) 
tainting and possible contamination of the water upon death (especially 
when killed as part of a massive control program). The industries most 
affected are hydrogenerating plants (e.g. Shtegman 1964 and numerous 
references therein), nuclear power plants (e.g Gillet and Hicha 1985; 
Afanas'yev and Protasov 1987) and metallurgical plants (Ludyanskii and 
Vyskrebets 1981). 

The underground irrigation piping for farms, greenhouses and golf courses 
that draw water directly are also susceptible to biofouling by zebra 
mussels (Shevtsova and Kharchenko 1981). Measures should be taken 
immediately to either avoid or control infestations of such systems. 

4.1.2 Vessels 

Zebra mussels will encrust the hulls of boating and sailing vessels 
(Alibekova et al . 1985; 1986). To prevent precocious dispersal of zebra 
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mussels into other lakes, encrustations on hulls of boats should be 
removed before relocating the boat. 

4.1.3 Fishing gear and navigational aids 

Zebra mussels foul fishing gear, especially trap nets and pound nets that 
are left in the water for extended periods of time (J. Leach, Ontario 
Ministry of Natural Resources, pers. comm.). Control measures (e.g. 
antifoulant coating) are needed to reduce or eliminate infestations of 
commercial fishing gear. 

The mussels also encrust navigation buoys to the point that the buoys sink 
deeper in the water than normal (J. Leach, Ontario Ministry of Natural 
Resources, pers. comm.). Control measures (e.g. antifoulant paints) are 
needed to reduce or eliminate infestations of navigation devices. 

4.1.4 Shorelines 

Zebra mussels form shoals of shell debris on beaches that will detract 
from their recreational and aesthetic value (R. Griffiths, Ontario 
Ministry of Environment, pers. comm.}. Since most beaches lack firm 
substrates, much of the shell debris must drift from mortality in 
aggregations of zebra mussels. This should be verified. In addition, 
measures should be taken to reduce or prevent shell accumulations in beach 
areas . 

4.2 EFFECTS ON NATIVE BIOTA 

4.2.1 Displacement 

There are potential long-term effects of the zebra mussel on endemic 
species of Unionidae upon which zebra mussels settle. Lewandowski (1976) 
concluded that zebra mussels had no "unfavourable" effects on unionids 
in Mazurian lakes. However, his studies examined only the effects after 
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1 year of infestation, he did not consider the length of time that 
infestations were present, he did observe a slight decrease in weight of 
infested unionids relative to uninfested ones after only one year of 
study, and he observed a deformation of the posterior part of the unionid 
shell where infestations were most Intense but considered the effect 
minor because only a few shells exhibited the deformation. 

4-2.2 Parasites 

The establishment of dense populations of zebra mussels may increase their 
potential as vectors of parasites whose definitive hosts are commercially 
important species of fish and/or waterfowl. Fish stocks may also be 
affected by the zebra mussel if spawning beds on firm substrates are 
covered by mussel encrustations. 
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5.0 BENEFITS OF ZEBRA MUSSEL IHTRODUCTIONS 

The benefits of the establishment of large numbers of Q. DolvmorDha can 
be ascribed to their value as (i) water clarifiers and biodepositors, 
(ii) a nutritional food source for commercially important species of fish 
and waterfowl and (iii) biomonitors of organic and inorganic 
contaminants. 

5.1 WATER CURIFICATION AND 8I0SEDIMENTATI0N 

Biosedinientation is the process of extracting suspended materials from 
the water column and depositing them on the bottom. Dreissena is a very 
effective blodeposUor because It filters enormous quantities of water 
(Table 4) and produces faeces (waste material that has passed through the 
digestive tract and is eliminated through the excurrent siphon) and 
pseudofaeces (waste material trapped In mucous in the mantle cavity and 
eliminated through the incurrent siphon) that are deposited on the 
substrate. 

Studies In Soviet canals (e.g. Shevtsova and Kharchenko 1981; Hitin and 
Voskresenskii 1982; Lyakhnovich et al . 1982; Kharchenko and Lyashenko 
1986) and Polish lakes (Stanczykowska 1975) and water-courses (Pieslk 
1983) indicate that Dreissena plays a substantial role in processes of 
biological self-purification and Improvement In water quality in aquatic 
systems. These attributes are not a consequence of a highly Individual 
filtration capacity, but rather of the enormous numbers of mussels that 
usually prevail in aquatic systems. As bivalves, the zebra mussel's 
filtration rate (10-100 ml/ind./hr) is intermediate between Unlonldae 
(60-490 ml/ind./hr) and Sphaerlidae (0.6-8.3 ml/ind./hr) (Stanczykowska 
et al. 1976). 

In the presence of Q. polvmorpha . the removal of water-borne organic 
matter In canals proceeds more intensely and more completely 
(Stanczykowska 1975; Kharchenko and Lyashenko 1985) than in canals 
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without zebra mussels. The mussels removed dissolved nutrients (N, P), 
calcium carbonate (CaCO^, and other minerals, and accelerated the 
conversion of toxic nitrogenous metabolic wastes (ammonia, nitrite) to 
consumable nutrients for other benthos and phytoplankton (Franchini 1976; 
Walz 1978c; Lyakhnovich et al . 1982; Piesik 1983; Stanczykowska and 
Planter 1985; Stanczykowska et al . 1975; Kharchenko and Lyashenko 1986). 
The role played by C. polvmorpha in P and N cycles is of the same 
magnitude as the role of macrophytes in some Polish lakes (Stanczykowska 
and Planter 1986). In Soviet canals, Dreissena is considered to be an 
important "biological plateau" (a structure for prevention of water 
pollution in canals caused by algal blooms; Kharchenko and Lyashenko 
1985). 

5.2 FOOD SOURCE 

Oreissena has a high caloric content (Birger and Malyarevskaya 1977; Walz 
1979) and is a common food item for fish and waterfowl (see 3.7, 
Predators). Of the fish, the roach feeds most extensively on zebra 
mussels (Stanczykowska 1977). Of the waterfowl, significant feeding 
activity on Q. polvmorpha has been recorded for tufted ducks (Burl a and 
Lubini-Ferlin 1976; Pedro! i 1977; Draulans 1982, 1984; Ziegler 1987)» 
diving ducks and coots (Krauss 1979; Suter 1982; Gollraan 1984; Knoflacher 
and Mueller 1984; Koenigstein 1986) and mew gulls (Von Kaenel 1977). 

In many lakes recently invaded by D. polyrnorpha there were significant 
increases in the sizes of bird populations within three years, especially 
during the winter months. Willi (1970) attributed increases in flocks of 
up to 6000 birds in Lake Constance, Germany to the development of large 
populations of zebra mussels. The nutritional value of D. polyrnorpha is 
quite high but is affected by food concentration and temperature, the 
protein content Increasing significantly in the fall and winter months 
(Walz 1979). The impact of the increase in the size of waterfowl 
populations on densities of zebra mussels was not investigated. Mass 
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flocks of birds may also contribute significant amounts of faecal 
material that may indirectly affect densities (positively or negatively) 
of zebra mussels. The impact of large numbers of zebra mussels on 
waterfowl populations and the ensuing changes in water quality in the 
affected regions of the Great Lakes needs to be investigated. 

The value of zebra mussels as a food source for human consumption is 
unknown. Since the mussels firmly attach themselves to substrates, they 
are difficult to harvest. This extra harvesting cost would likely reduce 
their appeal as a delicacy on a commercial scale. 

Molluscs have a variety of biologically active compounds that have 
pharmaceutical value. Research by Mekhtikhanov (1984) examined the 
potential of zebra mussels as a source of some proteins, peptides and 
amino acids. Further work in this area may prove interesting. 

5.3 BIOMONITORING 

Recent programmes of environmental monitoring have exploited the ability 
of aquatic organisms to accumulate contaminants. Such biomonitoring can 
assess: metal speciation and in-situ accumulation (Del Castilho et al . 
1983); accumulation and elimination of metals (e.g. Cd, Pb, Sn; Zadory 
1983); their value for assessing bio-availability of heavy metals (Cd, 
Cu), especially specific chemical forms of metals (Marquenie 1981); and 
the toxicity of organochlorine pesticides (Slava et al . 1986). 
Transplant studies with Q. polvmorpha indicate that water quality, 
especially trophic condition, influences heavy metal (Hg, Fe, Zn, Co, Cr) 
accumulation in mussels (Karbe et al . 1975). Bias and Karbe (1985) 
investigated the uptake, partitioning and elimination of cadmium 1n fi. 
polvmorpha and found accumulation factors of 70,000 for periostracum and 
3,000 for soft parts. The Cd was only loosely bound to the shell, but 
was strongly bound to biochemical compounds, such as thioneins, in soft 
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parts. Cadmium bound in these soft-part compounds could not be eliminated 
by exchange processes. 

Sloof et al . (1983) examined the valve closure response of zebra mussels 
to assess its biomonitoring value in detecting sub-lethal concentrations 
of copper, cadmium, and organic compounds such as trichloroethylene, 
v-hexachlorocyclohexane, toluene, cyanide, and some phenols. They found 
that Zebra-mussel responses were less sensitive than the respiratory 
response of trout, Oncorhvncus mvkiss (formerly $almo aairdneri) . to all 
contaminants, except copper. Nevertheless, they recommended the zebra- 
mussel monitor because: (i) it is less susceptible to noise problems (i.e. 
disturbance); (ii) changes in temperature and photoperiod have less 
effect on behaviour of mussels; (iii) it is easier to handle, since it 
takes less time to replace organisms and feeding does not interrupt the 
measurements; (iv) used in natural waters, the mussels are 
self-maintaining; and (v) it has greater wide-spread industrial 
application because it is more reliable and can be installed at much lower 
costs (ca. 20%) than the fish-respiration response system. 

The zebra mussel has also been used to determine the toxicological 
characteristics and symptoms of acute phenol poisoning (Alekseyev and 
Antipin 1976). At the Tihange Nuclear plant in Belgium, Hicha and Genin 
(1978) determined the effects of thermal pollution, radioactive 
contamination, and chemical pollution (from biocides used to protect 
cooling towers and metals Zn, Cu, Cd, Hg) on zebra mussels. They also 
examined the radioactive contamination, accumulation and transfer in the 
trophic chain. Kooijman (1981) used Q. polvmorpha in semistatic bioassays 
to develop a new methodology for estimating the disappearance rate of 
test compounds. 

Before assessing the value of zebra mussels as biomonitors, studies should 
be performed to determine the biochemical mechanisms they have for 
resisting toxicants. Birger and Malyarevskaya (1977) found that zebra 
mussels could resist DDT by changing from aerobic to anaerobic metabolism. 
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and could accumulate thiamine by lowering their thiaminase activity. 
Definitive studies are still required to assess and refine the 
biomonitoring value of D. polvmorpha . The use of the zebra mussel as a 
blomonitor of organic and inorganic contaminants in the Great Lakes also 
needs to be demonstrated. Studies that examine the epifaunal habits of 
zebra mussels in hopes of developing new biomonitoring methodologies would 
be useful . 
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6.0 CONTROL HETHODS 

Control measures of zebra mussel biofouling can be divided into (i) 
biological, (ii) chemical, (iii) physical and (iv) mechanical methods. 
In all cases, a knowledge of the life history of fi. pol ymorph a in each 
lake is essential because of the differential sensitivities of life 
stages to various control strategies. An overview of the various methods 
employed to eradicate fi. pol ymoroha is given in Table 7. 

6.1 BIOLOGICAL METHODS 

As far as is known, very few biological methods have been evaluated to 
control zebra mussel infestations in lakes or reservoirs. An attempt was 
made to control numbers of D. DolvinorDha in an Ukrainian reservoir by 
introducing a fish species, Mvlopharvngodon oiceus . but apparently with 
little success. Franchini (1976) recommended the use of carp to control 
the numbers of zebra mussels. Some species of waterfowl, especially 
coots, can significantly depress population densities and zebra mussel 
biomass, by as much as 32% in the summer months (Stempniewicz 1974) and 
93% (Hikulski et al. 1975) and 97% (Suter 1982) in the winter months. One 
of the major problems with biological controls is that the population of 
Q. Dol ymoroha is able to maintain itself by mass migration of mussels 
(mainly 1-year olds) from deep-water refuges in the summer months {Suter 
1982). 

Piesik (1974) examined the possibility of using crayfish to control zebra 
mussel infestations on steelon nets used for protecting hydrotechnical 
equipment against invasion, but the crayfish could feed only on mussels 
between 1-15 mm long and some mussels were difficult to reach (e.g. in 
corners of net meshes). Also, feeding activity of crayfish was affected 
by water temperature and physiological rhythms (e.g. sexual moulting) and 
individual characteristics of the crayfish. 
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6.2 CHEMICAL METHODS 

6.2.1 ChTorination 

One of the most effective and popular methods of biofouling control is 
chlorination at the intake (Clarke 1952; Greenshields and Ridley 1957; 
Collingwood 1966; Jenner 1983 a,b; 1984). However, the possibility of 
forming toxic halogenous compounds at the outfall may have very dangerous 
environmental consequences. 

Either liquid chlorine or liquified gas, bulk liquid hypochlorite or 
electrochlorination is used (Whitehouse et al . 1985). The advantages of 
chlorination are: (i) it has worldwide proven efficiency; (ii) it works 
for both condensers and culverts/tunnels; (iii) there is rapid loss of 
acute toxicity within the power station; (iv) it is easy to measure TRO 
(Total Residual Oxidants); (v) costs are acceptable; and (vi) it works 
in any type or age of power station. The disadvantages are: (i) there 
are safety problems with transport and storage of liquified chlorine; 
(ii) it produces organo-halogen compounds in reaction with dissolved 
organic matter; (iii) the cost efficiency relates with water quality 
rather than direct demand for fouling control; (iv) variations in 
chlorine demand prevents the maintaining of constant TRO limits at 
discharge; and (v) there are acute toxic effects on plankton within the 
power station (Whitehouse et al. 1985). 

Two chlorination schemes, continuous or discontinuous, have been used. 
Continuous dosing with 50 mg/L flowing slowly through the main for nearly 
two weeks was a reliable method of removal in most British pipelines 
(Clarke 1952), but the formation of toxic halogenous compounds was not 
studied. Greenshields and Ridley (1957) employed in some treatments doses 
of 50 mg/L followed by continuous treatment at 2 mg/L. The duration of 
dosing and time-intervals between treatments varied depending on local 
circumstances. For example, a dose of 0.5 mg/L was applied for 3 days 
then followed by a dose of chlorine which gave a residual of 0.5 mg/L 
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after 5 min. contact. The higher dose was maintained for 10 days in the 
first treatment, whereas for only 7 days in subsequent treatments. The 
first treatment in the season was extended to 10 days to coincide with the 
peak production of motile larvae. Clarke (1952) removed Dreissena from 
9 miles of pipe by applying 20 mg/L chlorine at the influent end of the 
main until a residual of not more than 7 mg/L was obtained at the 
reservoir end after 3 days. After 7 days of contact, the water was 
flushed to waste at 200,000 gph until no more mussels were discharged. 
The pipe remained free of biofouling growth for at least four years. 

Jenner (1983a) and Jenner (1984) developed a microcosm to monitor the 
presence of zebra mussels and the effectiveness of the antifouling agent. 
The main purpose of the monitor was to signal the appearance of mussel 
spat in the cooling water conduit. He was able to reduce the annual 
hypochlorite consumption by 30%. Jenner (1983b) found that continuous 
chlorination at low levels (<0.3 mg/L free available chlorine) for 2-3 
weeks at the end of the reproductive season killed all settled mussels. 
Hoestlandt (1968) prescribed the following chlorine treatment. In the 
pipes the chlorine should be 0.5 mg/L residual at the furthest point of 
the intake and this must last for 7 days. The chlorine treatment should 
be applied 3 times a year - at the beginning of the reproductive cycle, 
once during the hottest days of the summer, and at the end of the 
reproductive cycle. Jenner (1984) showed that a chlorination (0.5 mg/L 
total residual oxidant) period of 2 weeks at the end of a growing season 
(mean length 8 mm) killed more than 95% of the mussels. 

6.2.2. TBTO 

Tri Butyl -Tin-Oxide, a biocide related to the organo-tins, is widely 
utilized as a constituent of antifouling paints and is available for 
continuous water treatment as well (Whitehouse et a1 . 1985). It is 
available as emulsions or as solutions which may be used directly in 
water. One formulation, "Nofoul", is a paint that is very effective on 
intakes, screen walls and condenser end-boxes where hypochlorite is 
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ineffective. The chemical has been banned for use as antifoulant 
protection of boats in some countries (e.g. France) until its 
environmental toxicity is known (Whitehouse et al . 1985). 

6.2.3 Copper 

Copper Is used in power stations In three forms: (i) copper oxide in 
anti fouling paints, but they are expensive, difficult to apply and have 
a short effective life; (ii) metal sheeting, especially as CuNi sheeting, 
used as cladding on fishing boat hulls and on the intake structure of some 
power stations; and (iil) electrolytic Injection, but electrodes have to 
be renewed every two years or so (Whitehouse et al . 1985). 
Some Soviet hydroelectric power stations tried copper sulphate solutions 
but at normal operating temperatures (22.5 C) Dreissena could be 
eliminated only at very high sulphate concentrations {300 mg/L) (Lukanin 
1964). Copper ions electrolytically dissolved in water proved effective 
in water conduits of low discharge (Dudnikov and Mikheev 1964) and copper 
tetra-amine sulphate proved effective for controlling zebra mussels in 
industrial water supply systems (Har'yanovskli and Stankevich 1980). 

5.2.4. Cvanuric Acid 

Concentrations of 2000 mg/L of cyanuric acid applied for about 36 days 
in semistatic bioassays and of 2000 mg/L applied for 43 days in 
flow-through bioassays was lethal to 50% of zebra mussels (Proteau and 
Labat 1980; Dugelay et al . 1986). The cyanuric acid acted at two levels; 
by valve decalcification and by deterioration of kidney function with 
accumulation of the product. The purified form of cyanuric acid was twice 
as lethal, requiring only 17 days to kill 50% of the mussels. Cyanuric 
acid does not exhibit toxicity for other levels of the aquatic ecosystem 
and it may also be used to eradicate bilhariasis (Proteau and Labat 1980). 
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6.2.5. Ammonium Nitrate 

At 16-19'C and with an exposure time of 5-6 days treatment with 400-500 
mg NH^NOj/L led to 100% mortality of Dreissena and was recommended by 
Shevtsova et al . (1980) for closed pipelines of irrigation systems. 
Adults 10-15 mm long were most resistant. 

6.2.6 Polystyrene 

Growth of settled and metamorphosed larvae of D. polymorpha was retarded 
when polystyrene plates were used as substrate (Van Diepen and Davids 
1986). Apparently low-molecular weight compounds were released by the 
polystyrene into the environment and affected the growth of young 
mussels. However, the plates are ineffective when overgrown with algae 
or bacteria. 

6.2.7 Other Methods 

Artificial creation of anoxia in water pipes that can be hermetically 
sealed has been suggested by Lyakhov (1964). Several days of hermetic 
sealing would be required because Dreissena is capable of surviving anoxia 
(Mikheev 1964b). 

The Zurich waterworks is experimenting with granular activated carbon in 
large volumes with and without chlorination and different types of sand 
filters for the purification of potable water but continued 
experimentation Is required before the method can be fully evaluated 
(Schalekamp and Bakker 1978; Schalekamp 1979). 

Karpevich and Shurin (1978) examined the toxicity of Hn as a possible 
method of control. They found that 2-5 mg/L stimulated energy metabolism 
and 17-20 mg/L led to accumulations in the tissue and some death with 
further increases resulting in anesthesia and death. 
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Lyons et a1 . (1988) examined several chemical methods, including 
molluscitides, quaternary ammonia compounds and chlorides, for controlling 
a variety of biofouling macroinvertebrates but none were specifically 
recorranended for zebra mussel control . 

Hoestlandt (1972a) tested two very toxic molluscicides, "Frescon" and 
"Bayluscide", on Q. polymorpha and reconmended installation of the latter 
in water pipes for 2 days in the year (autumn and spring). Hoestlandt 
(1972a) recormrended Bayluscide over Frescon because it was 10 times more 
toxic to D. polymorp ha than Frescon, was more environmentally safe, was 
more effective in fighting zebra mussels and fish were more sensitive to 
Frescon. He recommended doses of 0.1 to 0.3 X lO"* mg/L for 100% mortality 
of zebra mussel. The dosage must not exceed this recommended 
concentration to avoid toxicity to fish (Hoestlandt 1972b). 

Hoestlandt (1972b) tested other insecticides (e.g. Carbaryl , Ziram, HCH, 
Lindane, Biocide 376, Biocide 2172) but rejected their use because they 
do not have a high enough toxicity level for the destruction of mussels. 

Ozone is a well known bactericidal agent in the sewage treatment industry 
and has been tested to control settlement of Mytilus (Whitehouse et al . 
1985). However, it is difficult to obtain a uniform flow of ozone in a 
water flow > 100 m'/s. The concentration needed to eliminate Mvtilus was 
0.25-0.50 mg/L but the potential effects on the environment are comparable 
to those of halogens. For this reason ozone has not been adopted by 
European Power Companies (Whitehouse et al . 1985). 

The use of chemical methods and alternative approaches for controlling 
zebra mussel infestations in industrial and domestic facilities with 
discharges under Canadian environmental regulations need to be 
investigated. In particular, the use of chlorine and the environmental 
impact of the chemical and its breakdown products need to be fully 
assessed. 
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6.3 PHYSICAL METHODS 

6.3.1 Heat 

From an environmental perspective, the best anti fouling method is heat 
treatment. It is simple, vigorously kills all fouling organisms and 
there is no need to handle, transport or store toxic wastes (Jenner 
1983a). However, cooling water systems must be designed specifically for 
this purpose. Heat has limited application in auxiliary circuits and no 
application in condensers (Whitehouse et al . 1985). Moreover, high 
discharge temperatures may require special consent regulations and the 
impact on the environment must be determined. Afanas'yev and Protasov 
1987) found that mussels which settled in late summer and autumn within 
the thermal effluents of a nuclear power plant kept growing in the winter. 

Mikheev (1961) found that the temperature must exceed 40°C to kill 
Dreissena and that at SS'C, 70% are killed in one hour. Lukanin (1964) 
obtained 100% mortality after 5 hrs at 32.5'C. This high temperature is 
used as a practical method for controlling Dreissena in thermal power 
plants in Russia (Fejgina 1950). There is a need for additional 
experimentation on lethal temperatures because Jenner (1983b) reported 
instant mortality at 40'C and 100% mortality at 36°C after 1 hour. 
Hoestlandt (1972a) prescribes 40°C for 15 minutes for 100% mortality. 
Clearly there are biotic and abiotic factors that affect the thermal 
tolerance of zebra mussels. Indeed, the acclimatization temperature (e.g. 
season) and the silicon content of the organism (Khmeleva and Hukhin 1986) 
significantly affect the upper lethal temperature . 

Heat treatment for control of Q. polvmorp ha has not been widely used, 
mainly because most power stations are not specifically designed for it. 
It is only in the experimental stages in the Netherlands (Jenner 1983b). 
Where regular treatment with hot water (or other agents) is not applied 
from the beginning of the hydrostructure, a scrupulous examination of the 
system is necessary since release of a large number of larger specimens 
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may hinder or even stop flow through the conduits of the turbines 
(Lyakhov 1964). 

Each power station is designed differently for heat treatment, but in the 
basic design, the cooling water pump and condenser systems are duplicated 
and both culverts (e.g. A and B) are equipped with a recirculation system 
adapted for heat treatment. During normal operation, both cooling water 
pumps and condensers are in use, the water entering at about IS^C and 
leaving at about 29°C. During recirculation, one of the culverts (e.g. A) 
is heat treated by recirculating half of the water back to the inlet of 
the second pump (B) and through the second condenser to pick up additional 
heat. In this way the cooling water temperature can be raised (e.g. 4rc). 
Heat treatment of the B-culvert can be done similarly. The power station 
remains operational during heat treatment, but power reduction has to be 
reduced somewhat (Whitehouse et al. 1985). 

The frequency of treatment depends on the rate of colonization of the 
culvert walls and the subsequent growth rates of the biofoulers, but 
usually three to four treatments a year are sufficient; once in the spring 
to kill the newly settled larvae; a second and third treatment near the 
end of the larval settlement period, depending on the period of settlement 
of spat and their growth rate; and an optional fourth treatment in the 
fall to clean the system for the winter months. To determine the 
procedure for heating, it is essential to know the lethal thermal dose 
curve for the biofouling population. 

6.3.2. Flushing 

Dreissena is not able to settle at flow rates exceeding 1.0-1.5 m/s 
(Jenner 1983b). Complete prevention of mussel settlement is difficult, 
especially in the basements of the pump building at the intake, but at 
least the amount of fouling can be reduced significantly (Jenner 1983b). 
Some Soviet power stations employ 2 m/s in the main conduits and copper 
ions in pipes where the rate of flow is slow (Lyakhov 1964). Kirpichenko 
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et al . (1962) found the most efficient means of fighting overgrowths of 
zebra mQssels in hydroelectric power plants was periodic flushing with hot 
water at 45-55' C. 

6.3.3. Ultrasonic vibration 

Application of ultrasonic vibrations is not a conmon method of mussel 
control but Breitig (1965) found it effective in the USSR. However, 
Jenner (1983b) found acoustical methods to be useless in preventing 
settlement of zebra mussels. 

6.3.4. Electric Fields 

In the USSR electro-filters are favoured as a means of control 
(Kirpichenko et al . 1962, 1963). Dreissena larvae are killed by exposure 
to a high voltage (225-400 v/cm, depending on whether veligers have 
valves open or closed) for 0.02-0.1 sec. The voltage and time required 
to kill the larvae can be reduced by increasing the temperature. At 
summer water temperatures an exposure of 7-8 v/cm for 27-31 hours was 
effective. The voltage was applied at water intakes, on gates and on the 
walls of the screen house. 

Kirpichenko et al . (1963) tested an electrostatic filter to prevent 
settling of veligers in the water pipelines. However, the rate of water 
flow greatly affected the amount of electrical current needed to kill the 
larvae. 

6.3.5. DesiccatiOQ 

This process involves draining the pipelines and subjecting the mussels 
to desiccation (Hoestlandt and Lassabliere 1959). However, Alyakrinskaya 
(1978) found that the mussels employ biochemical mechanisms to reinforce 
buffer properties when resisting shifts toward acidity during desiccation. 
Prolonged shutdowns would be required because the mussels can survive for 
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at least 14 days in a humid environment (Hoestlandt and Lassabliere 1959; 
Alyakrinskaya 1978). 

6.4 MECHANICAL METHODS 

6.4.1 Nets and Screens 

Steel on -net curtains were recommended for safeguarding Polish 
hydro-engineering installations against fi. polvmorpha invasion by Szlauer 
(1974). A 26-m^ curtain was able to hold 5 million young mussels. Piesik 
(1974) examined the role of crayfish to eliminate mussels attached to the 
curtain. 

6.4.2 Manual Removal 

Manual removal by scraping can be adopted only in areas that can be 
reached by man and only when the risk of fouling is slight. The 
advantages are the method is cheap, the plant needs shutdown only at 
annual overhaul and there is no toxic discharge. The major disadvantages 
are it is labour intensive, it requires careful monitoring to prevent 
extra outbreaks, the system must be dewatered and decomposition of debris 
causes ventilation problems for workers (Whitehouse et al . 1985). 
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7.0 SUMMARY AND CONCLUSIONS 

Dreissena polymorpha . the zebra mussel, is now present in Lake St. Clair 
and Lake Erie and will probably reach Lake Ontario by the end of this 
year. The rate of dispersal into the Great Lakes above Lake St. Clair will 
be greatly enhanced by activities of sailing vessels that carry 
infestations of zebra mussels. The species is very distinctive and is not 
likely to be confused with other bivalve biofoulers (i.e. Corbicula 
fluminea; . Mytilopsis lucoohaeta ) now present in North America. 

The anatomy and morphology is well known but the dynamics of byssal 
attachment needs further study, especially if the mussel is to be used as 
a biomonitor in specific localities. Studies of the physiology, 
biochemistry and genetics of the zebra mussel are in their infancy 
relative to other kinds of studies (e.g. life history, control, 
biofouling) and future research should be directed towards finding 
physiological, biochemical or genetic mechanisms that control growth and 
reproduction or byssal secretion in the mussel. 

The life history of rebra mussels is very well known, but varies 
considerably from one lake to the next. Although studies are needed for 
verification, we can expect: (1) reproduction to occur between June and 
October, (2) the maximum growth rates to exceed 1.5 cm per year, and (3) 
the maximimum life span to approach 5 years. The veliger larvae will 
probably attain maximum densities in July and/or August between the 3 and 
7 m depths in a belt around the perimeter of the lake. We can also expect 
a period of intensive development in population density and biomass for 
a few years. 

The effects of the zebra mussel on endemic unionids will probably be 
minimal during the development phase, but the long-term effects need to 
be examined. The effect of the proliferation of zebra mussels on 
populations of predatory species of fish and waterfowl also needs thorough 
study to determine possible benefits (e.g. increases in annual harvest) 
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or impact (e.g. increases in the incidence of parasitism, and ultimately 
mortality) on commerciany important species of fish and waterfowl. Those 
species of fish and waterfowl that are voracious feeders on zebra mussels 
should be examined/evaluated as possible biological controls. 

Large zebra mussel populations have an enormous capacity to filter water 
and biodeposit organic nutrients and should result in an improvement in 
water quality and clarity as mussel densities increase. Large populations 
of game species of waterfowl, and perhaps fish, may also develop as they 
exploit their growing bivalve food resource. As biomonitors, the zebra 
mussel is not as sensitive as trout to many organic and inorganic 
contaminants but their ease of handling, self-maintenance in natural 
waters, wide-spread industrial application and general reliability are 
some advantages that make them a more attractive biomonitor. 

The greatest impact of the zebra mussel, however, will be negative. The 
mussels are very strongly byssate and they will attach to insides and 
occlude the openings of industrial and domestic pipelines, clog 
underground irrigation systems of farms, greenhouses and any other 
facility that draws water directly from the Great Lakes, encrust 
navigation buoys to the point of submerging them, and encrust hulls of 
boats and other types of sailing craft that remain in the water over the 
summer and fall. They will also encrust and clog fishing nets (e.g. trap 
and pound nets) and become a nuisance to commercial fishermen. The 
mussels may also become a significant vector of parasites that are lethal 
to game species of waterfowl and fish. 

Numerous control programs have been attempted. Although an effective 
predator remains to be found, biological controls are preferred because 
they would probably have the least environmental impact. The preferred 
abiotic method of control is heat treatment (40''C for 15 to 60 minutes, 
three times a year) but cooling water systems must be designed 
specifically for this ability. Flushing (> 2m/s) is a viable alternative 
but complete prevention/removal of Dreissena is difficult. The most 
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popular and effective control method Is chlorination (a residual of 0.5 
mg chlorine/L at far end of intake pipe three times a year). But with 
this control method the formation of toxic organochlorines in the 
environment is possible. In conclusion, there is no universally accepted 
method for zebra mussel control . 



42 



8.0 RECOHHENDED RESEARCH 

1. The spread of D. polymorpha in the Great Lakes and North American 
surface waters should be closely monitored so that control measures can 
be implemented immediately in the affected lakes. The introduction of Q- 
Dolvmorpha reinterates the need for controlling ballast water discharge 
or the contents of ballast water in the Great Lakes, 

2. Control measures are needed to reduce or eliminate infestations of 
cotmiercial fishing gear, navigational devices and industrial and domestic 
water intakes. 

3. To prevent the spread of Q. polymorpha in the Great Lakes and North 
American surface waters, studies are needed to determine the 
physiological, biochemical, ecological and genetic factors that contribute 
to its success. 

4. The use of established chemical and physical methods and alternative 
methods for controlling zebra mussel infestations in industrial and 
domestic facilities whose discharges are under Canadian environmental 
regulations needs to be investigated. In particular, the use of chlorine 
and the environmental impact of the chemical and its transformations needs 
to be fully assessed. 

5. Studies to determine the biotic and abiotic factors that control 
larval and juvenile mortality are needed to determine 1f densities or 
even occurrence of zebra mussels can be controlled in the Great Lakes. 

6. Since the vertical distribution of veliger larvae seems to be 
limited by cold temperatures, the profile of veliger larvae densities in 
the Great Lakes should be examined diurnal ly and monthly (June to October) 
to determine if intakes of industrial and domestic pipelines could be 
placed at depths that would avoid zebra mussel infestations. 
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7. In view of the considerable intra- and inter-population variations 
in density, biomass and production in European waters, studies to 
determine the extent of variations in standing crops and productivity, as 
well as in the parameters that affect these variables (e.g. length-weight 
regressions, condition) and the reasons for any such variation within 
Great Lakes populations of Q. polvmorpha should be encouraged for 
effective and efficient application of control programs. 

8. The impact of zebra mussels on native populations of Unionidae, 
especially rare and endangered species, needs to be determined. 

9. The incidence of parasitism related to zebra mussels in the Great 
Lakes should be closely monitored to determine if the infection rates of 
definitive hosts increase as a result of proliferation of the zebra 
mussels. 

10. Definitive studies are still required to assess and refine the 
biomoaitoring value of Q. Dolvmorpha . The use of the zebra mussel as a 
biomonitor of organic and inorganic contaminants in the Great Lakes also 
needs to be demonstrated. Studies that exploit the epifaunal habits of 
zebra mussels to develop new biomonitoring methodologies may prove 
rewarding. 
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Table 1. Variation in some demographic characteristics of larval PreJssena polvmcrpha 



Period Min. Max. Life Size 

Temp. Density Span 
CO (/m') (days) (urn) 



Habitat/ 
Comments 



Reference 



June-Aug. 16 400,000 

June-Aug. 21 200,000 

April-SepL 12 348,000 8-10 70-290 



April-Sept. 12 151,000 
to 
15 



June-Sept. 21 70-200 



June-Nov. 15 4,68 



June-Oct 16 210,000 



14 



85-170 


Mazurian lake 
Meso trophic 


Hillbricht- 

Ukowska et al. (1969) 


90-170 


Eu trophic 




70-290 


Take 

Peak in July 


T/fiwandowski & 
Ejsmont-Karatin (1983) 




Reservoir in use 

for 2 years 
Limited larvae 


Zhdanova & 
Gusynskaya (1986) 




in winter 




170 um 


Steelon-net veil 


Szlauer (1974) 


mm. 






size to 
settle 






100 

to 

250 


Hydroelectric 
reservoir 


Kirpichenko 
(1964) 




Oligiotrophic 
lake 


Suter- Welder & 
Zimmerman (1976) 
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Table 2. Variations in density and demographic characteristics of adult Dreissena polymoroha 



Max- Growth 

Density Rate 

(indiv/m*) (cm/yr) 



Life Size Habitat/Comments 
Span 

(yr) (cm) 



Reference 



114,000 


0.4-0.85 


0.7- 
3.0 


TAgoon (450 km*) 


Wiktor (1963) 


40,000 


0.49-0.73 5 


max. 
2.4 


Thennal efiluent 
(power station) 


Komobis (1977) 


50 
-18,000 




max. 
3.0 


Mazurian lakes 
Greater density in 
oligotrophic lakes 


Stanczykowska (1964) 


216,920 






Water Intake 
Density is per m* of 
steelon-net 


Szlauer (1974) 


300 






Eutrophic lake 


Stanczykowska (1976) 


10,246 


6 


max 
2.76 


Reservoir 


Lyakhov & Mikheev (1964) 




0.065- 
0.15 




Laboratory 


Walz (1978c) 




0.6-115 


max. 


Reservoir 


Morton (1969c) 



5.0 Highest growth rate 
for one year indiv. 
Max depth at 3 J yrs. 
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Table 3. Traits of a single Driessena polvmorp ha population from Wiktor (1963) 

















Age 

(year) 


Mean Shell 
Length 

(cm) 


Growth Rate 

(cm/yr) 


Survivorship 
(percent) 


Percent of 
Population 




1 


0.7-1.0 


0.4 




S8 


42,0 




2 


1.0- 1.4 


0.8 




41 


36.8 




3 


1.7-22 


0.7 




35 


153 




4 


2.6-2.7 






9 


5.4 





0.5 
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Table 4. Filtering capability of Dreissena polvmorpha in relation to its role as water clarifier. 



Filtration 
Rate 



Seston Maximum 
Filtered Density 

(mt/iad'dar) (per b^ 



Comments 



Reference 



406-804 



In canal Q.g. filtered 787 L 
of organic matter, deposited 
8,873 g agglutinates 



Shevtsova & 
Kharchenko (1981) 



175-10162 



448,970 



On sty Ion-nets in river 



Piesik (1983) 



U /ind 



60,000 



53 X 10* mVseason 



50-275ml/ind*hr 



Current year individuals 
Mesotrophic lake 



Lewandowski 
(1983c) 



13.7/ind 




3^00 


One year miissels 


■ 


2 X 10' mVday 




31,432 


Entire population 


» 


10-100 ml/ind'hr 
mean « 35 


2.6 


300 


Eutrophic/dimictic lake 


Stanczykowska 
et al. (1976) 



Entire population -350 x 10* ^-E- 
Pop. consumed 160 tons seston 

Laboratory culture with 
algae added 



Spring & Rose (1988) 



70 ml/hr*ind 



Filtered for 16.8 hr/day 
Opt filtering temp. = 12-5'' C 



Walz (1978a) 



5-180 ml/hr'ind 



70- 510 

260 g 



Rate increase with shell Morton (1971) 

length, pH, temp, (max = 31° C) 
Rate lower than other bivalves 

Seston is dry weight per m* of Stanc2ykowsa 



bottom area 



&. Planter (1985) 
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Table 5. Vertical Distribution of Dreissena polvmorpha 













Ufe 

Stage 


Depth of 

Max. 

Density 

(m) 


Max. 
Depth 

(m) 


Habitat 


Reference 


Adult 


60 




T Jike Constance 
Mussels at 60ni 
have no impact 


Walz (pcre. comm.) 


Adult 


55 




Take G>nstance 


Walz (1978d) 


Adult 


12-18 


50 


Garda lake 


Franchini (1978) 


Adult 


2-4 


11-12 


MaTurian lakes 


Stanczykowska (1964) 


Adult 
Adult 


2-5 
OJ-3 


23 


Lagoon 

Max. density on 
sandbank slopes 
Reservoir 


Wiktor (1963) 
Kachalova & Sloka (1964) 


Adult 


0-2 


5 


Oligotrophic lake 
20 m depth 


Dorgelo & Gorter (1985) 




2 


4 


Eutrophic lake 
83 m depth 




Adult 




10 


Lake Erie 


R.Griffths, MCE (pers.coram.) 


larvae 


4 


54 


Oligotrophic lake 


Suter-Weider & 
Zimmermann (1976) 


larvae 


3 




Reservoir 
Diurnal movement 
in summer 


Zhdanova & 
Gusynskaya (1986) 


T;irvae 


4-7 


12 


Reservoir 


Morton (1969c) 


Larvae 


Epilim. 


16 


Lake - no 
stratification 


Lewandowski & Ejsmont- 
Karatin (1983) 
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Table 6. Examples of biofouling by Dreissena polymorpha. 



Filtration Structure Mussel 
Type Fouled Density 

(indiv./ni*) 



Comments 



Reference 



Water Watermain 

Treatment 



36 in dia. reduced to 
12 in 



Stilgoe (1925) in 
Clarke (1952) 



Water Watermain 

Treatment 



24 yd' of mussels taken from 
300 m of 24 in dia. 



Clarke (1952) 



Water Watermain 

Treatment 



Reduced 0.9 m dia. to 03 m 
Caused difference in state of 
oxidation which corroded 
steel and cast iron pipes 



Greenshields and Ridley 
(1957) 



Hydro- 
electric 



Channels 
Headrace 



30 cm layer of mussels 
1.5 m layer of mussels 



Ihelmj (1922) in 
Clarke (1952) 



Hydro- 
tecnical 



Stylon nets 250,000 Mussels damaged equipment Fiesik (1974) 



Covering Stylon nets 448,970 



Fiesik (1983) 



Reservoir Aqueduct 19,000 



Kachanova (1962) in 
Morton (1969d) 
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Table 7. Methods employed to eradicate and control Dreissena polvmorpha. 



Method 



Application 



Control 
Success 



Comments 



Reference 



Chemical 

Chlorinalion 



Tri-butyl 

tinoxide 

(TBTO) 



0-5 ppm for 
7 days 



03 mg/L for 
14-21 days 



in paint/ 
coating 



Poly- 

urethane 

foam 


on irmer 
surface 


Ammonium 
Nitrate 


400-500 mg/L 


Copper 
Ions 


4 mg/L 



Img/L 



>75% 


Mortality less 


Greens hields 




7. 14d after 


& 




treatment 


Ridley (1975) 




Cone is chlor.- 






chloran:iine 






residue after 5 






min of contact 






Apply 3 treatments 






per year 




>95% 


Continuous treat- 
ment in October 
reduced chlorine 
use by 50% 
Cone, is free 
available halogen 


Jenner(1983b) 


High 


Very toxic to 
aquatic life 
Use in cooling 
circuits 
Must apply 
every 1-2 yr 


Jenner( 1983b) 


Low 


Reduce settling 
Not as effective 
for H- E- due to 
small veliger 


Jenner(1983b) 


. 


No results, based 


Shevtsova 




onLCSO. Seal 


et al. 




pipeline for 6 d 


1980 




post treatment 




Fair in 




Dudnikov & 


24 hr 




Mikheev 
(1964) 


Fair in 






48 hr 
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Table 7.(Con't) Methods employed to eradicate and control Dreissena polvmorpha. 



Method 



Application 



Control 
Success 



Comments 



Reference 



Chemical (con't) 

Copper 
Sulphate 



Oxygen 
deprivation 



Physical 
Heating 



Ultrasonic 



Voltage 



> 3 days 



50°C/lhr 



38'C/lhr 



20-200 khz 



225-250 v/cm 



380-400 v/cra 



Low 



Fair 



70% 



1007e 



None 



Good 



Good 



At temp. < 22.5' C 
dose corrodes pipes 
Dose decrease at 
temp. > 27.5° C 
but ± temp, effect 


Lukanin 
(1964) 


High downtime 
EJEfective at 
high temp. 


Mikheev 
(1964b) 




Mikheev 
(1961) 


3 applications 
per year end of 
MayJuly^Aug. 
Station designed 
for heat treatments 


Whitehouse 
et al. (1985) 


No response of 0- E- 
to acoustic waves 
or sound explosions 


Jenner( 1983b) 


Veliger killed in 
.1 s (open vaJve) 


Kirpjchenko 
et al.(1962) 


Veliger killed in 
.1 s (close valve) 
Can use alt. current 


m 
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Table 7.(Con't) Methods employed to eradicate and control Dreissena polvmorpha. 



Method 



Application 



Control 
Success 



Comments 



Reference 



Physical(Con't) 

Sheet 
Replacement 



Sheet 
Replacement 



Flow 



Covering 



Monitoring 



Biological 

Hormones 



Predation 



Polystyrene 



8 materials 



1.0-lJ m/s 



Steelon-net 
Veil 3 cm mesh 



Microcosm 



Crayfish on 
nets 



64-100% Reduction for 
settling 
when PVC 
substituted 
Monomers of 
I)olystyrene 
released into 
enviro. 

Not effective if 
plates covered 
by algae/bacteria 

Relative settling: 
PVC > Iron > 
Alum. > Concrete > 
Plexiglass > 
Brass > 
Copper > 

Flow prevents 
settling 

Protect headrace 
channel 26 m' 
Veil held 5 x 
106 U- E- 

Observe fouling - 
know when to treat 
Reduced chlorine 
use by 30% 



Good Induce reproduction 

Allows for 
controlled kill 

Cleared net 
settled quickly 
Max. D.P. taken 
was 1^ cm in length 



Van Diepen & 
& Davids (1986) 



Walz(1973) 



Jenner(1983b) 
Szlauer(1974) 



Jenner( 1983a) 



Walz(1978b) 



Piesik(1974) 
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DREISSENA 
POLYMORPHA 




CORBICULA 
FLUMINEA 



Fig. 1. North American freshwater biofouling bivalves. 
polymorpha . (b) Corbicula f luminea . 



(a) Drelssena 
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Fig. 2. Present world distribution of Dreiasena polymorpha (note its presence 
in Lake St. Clair and Lake Erie of North America. 
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Typical depth distribution patterns of (a) veliger 
larvae and (b) adults of Dreissena polymorph a in 
most European lakes. 
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Fig. 4. Typical seasonal distribution patterns of Dreiaaena polymorpha in 
European lakes. 
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LATERAL VIEW 



ANTERIOR VIEW 



Fig. 5. Lateral and ventral views of veliger larvae of Dreiasena 

polymorpha . 
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APPENDIX I 



ANNOTATED BIBLIOGRAPHY 



Afanas'yev, S.A. and A. A. Protasov. 1987. Characteristics of 

Dreissena populations in the periphyton of nuclear power plant 
cooling ponds. Hydrobiological Journal 23: 42-49. (English 
translation of Gidrobiologicheskii Zhurnal). 

Thermal discharge zones and biotopes exhibiting a mean 
summer temperature of 25-27 C had an unfavorable effect on 
populations of Dreissena polymorph a . As a result, the self- 
purification ability of the ponds decreased resulting in a 
degradation in water quality. In biotopes in which a mean summer 
water temperature approximated 21-23 C, the abundance of Dreissena 
increased and the distribution of the mussel expanded toward the 
thermal discharge outfall (up to the 26-27 C isotherm). Molluscs 
in the first size group were most vulnerable to the effects of 
high temperatures. Population recruitment was primarily by larvae 
that settle in the spring and autumn, particularily in years with 
hot summers. Reproduction in the cooling pond begins at different 
times in the different biotopes, starting first in the zone of 
high temperature. Individuals which settle in late summer and 
autumn in the zone directly exposed to hot water discharges do not 
cease growing in the winter. As the heat load and the length of 
its effect increases, the stability of the population declines, 
which may cause considerable variation in abundance over time. 

Alibekova, 1. 1., R.M. Bagirov, and G.H. Pyatakov. 1986. Overgrowth on 
vessels in the Caspian Sea USSR. Izv. Akad. Nauk. Az. SSR Ser. 
Biol. Mauk. 1986(2): 64 - 67. (Abstract - Biosis Previews). . 

Cordylophora caspia . Bouqainvillia megas . Hercierella 
eniqmatica . Nereis diversicolor . Bowerbankia imbricata . Conopeum 
seurati . Balanus improvisus . B. eburneus . Hvtil aster 1 ineatus . 
Dreissena polymorp ha and algae were found in the overgrowth on the 
bottoms and other parts of vessels. The distribution of the 
overgrowth (kg/ni2) on various parts of vellels' hulls was 
presented. 

Aliev, S.A. 1982. Strontium content in shells of pontian mollusks of 
eastern Azerbaijan-SSR USSR as an index of paleosal inity. 
Paleontol. Zh. 1982(3): 129-132. (Abstract - Biosis Previews). 

The Sr distribution in shells of the following mollusks at 
the beginning of the Middle Pontian was given: Dreissena 
anisoconcha . Didacna laskarevi . Q. lutrae . Honodacna lonqingua , M. 
subdentata , Paadana abichi , Valenciennius oriental is . Neritina 
sundica . Dreissena meissarensis . D. stefanescui , Prosodacna s£. P. 
ampelakiensis . P. schirvanica . Melanopsis suboraerosa . Zagrabica 
ruqosa . Dreissena polymorpha . Didacna schemachinica . D. 
pirsaqatica and Melanopsis mitraeformis . The relationship between 



I 



Sr concentration in shells of Pontian mollusks and the salinity of 
the basin was charted; a positive correlation was noted. The 
importance of the biogeochemistry of individual groups of marine 
invertebrates is emphasized. 

Alyakrinskaya, I.O. 1978. Biochemical adaptations to drying conditions 
in bivalves in the Kurski Zaliv Baltic Sea USSR. Zool. Zh. 57(1): 
136-138. (Abstract - Biosis Previews). 

Biochemical mechanisms reinforcing hemolymph buffer 
properties causing a shift towards acidity under drying conditions 
in Dreissena pol vmorpha . Anodonta complanata and Unio tumidus, are 
discussed. Reinforcement of buffer properties is provided by Ca 
influx at the expense of shell dissolution, as well as of partial 
( Dreissena ) or full (Anodonta, Unio ) crystalline style 
dissolution. This adaptation favors survival of these mollusks in 
the air at temperatures of 20 degrees - 22 degrees C for up to a 
maximum of 4 ( Dreissena . ifnio) and 7 ( Anodonta ) days. 



Antonov, P.J. 1979. The possibility of age determination in 

Dreissena pol vmorpha by the structure of the septal surface. In 
Sixth Meeting on Molluscs, Leningrad, 1979. p. 143. 

When determining the age of Dreissena ool vmorpha by 
means of calculatiom of annual (seasonal) rings on the 
shell's valaves, errors can be possible, because some other 
rings are formed on the shell depending on the physiological 
state of the individual, temporary drying, abrupt 
fluctuations in the temperature, oxygen regime of the 
environment, various injuries, diseases, etc. In Dreissena . 
the septum can serve as an independent registrating 
structure. After removal of the septum by scalpel, 
examination of the tissue under the microscope reveals broad 
light and narrow dark strips. Results of calculation of the 
strips on the septum coincide in most cases with results of 
calculations of seasonal rings on the shell. Agreement in 
calculations was high for molluscs over the age of 3+ (2.8 - 
4.0 % disagreement), as the septum is formed somewhat later 
than the shell. The structure of the relief of the septum 
varies with individuals and habitat. In very polluted 
habitats, at great depths and slow water currents, the 
relief of the septum is indistinct. 



Benedens, H.G. and W. Hinz. 1980. Zur tagesperiodizitat der 

filtrationsleistung von Dreissena pol vmorpha und Sphaerium corneum 
(Bivalvia). Hydrobiologia 69(1-2): 45-48. (Abstract-English, 
Paper-German). 

The filtration rates of Dreissena pol vmorpha and Sphaerium 
corneum were determined at 2 hour intervals for a period of 24 
hours. The rate of filtration was observed to peak 2 or 3 times 



I 



per day. Single values for filtration rates vary as much as ten 
times. Therefore, due to the observed. variation in filtration, 
calculations of filtration capacities based on single measurements 
are \/ery inaccurate. 



Bias, R. and L. Karbe. 1985. Bioaccumulation and partitioning of 

cadmium within the freshwater mussel, Dreissena polymorpha Pallas. 
Internationale Revue der Gesamten Hydrobiologie. 70(1): 113-125. 

Kinetics of uptake, partitioning and elimination of cadmium 
were investigated in experimental studies with the freshwater 
mussel, Dreissena polymorpha . The radioactive cadmium isotopes 
'°*Cd and "*Cd were used as tracers. Shells, soft parts and body 
fluid of the mussel exhibited considerable differences in 
accumulation and elimination. Accumulation factors up to more 
than 70,000 were calculated. The shells bound a great deal of 
cadmium, but only loosely, and the metal could be readily 
eliminated after transfer to uncontaminated water. In contrast, 
no significant amounts of the cadmium incorporated in the soft 
parts were eliminated. The results indicate that the major 
portion of cadmium in the soft parts is strongly bound and cannot 
be eliminated by exchange processes. 



Birger, T.I., A.Ya. Malareveskaja, O.M. Arsan, V.D. Solomatina 

and Yu. M. Gupalo. 1978. Physiological aspects of adaptation of 
molluscs to abiotic and biotic factors due to blue-green algae. 
Halacological Revue. 11: 100-102. (Abstract). 

In the Dneipr reservoir Dreissena polymorpha has been 
replaced by Dreissena bugensis . apparently due to blue green 
algae. The influence of the products of vital functions and decay 
of algae concentrations on D^ oolvmorpha . D^ bugensis and Galba 
palustrus were investigated. Concentrations of Microcystis from 
10-25 g/L resulted in 30-100% mortality in Dreissena . There was 
no mortality in G^. palustrus individuals at an algal concentration 
of 25 g/L, however, specimens were immobile as if in a state of 
quiesence. Despite the observed mortality, there was survival of 
molluscs in conditions which are lethal to fish. The adaptation 
of molluscs to high concentrations of algae is accomplished by the 
ability to exchange a partially or completely anaerobic metabolism 
for an aerobic one, and to detoxicate various toxic materials by 
excretion into the environment. 0^ polymorpha is more oxiphilous 
than Dl bugensis . Thus, under the influence of blue-green algae, 
it switches more completely to anaerobic metabolism and makes 
better use of homeostasis mechanisms. Therefore, it is concluded 
the substitution of D^ polymorpha for D^ bugensis in the Dneipr 
water reservoir does not depend on blue-green algae. 



Birger, T.I., and A.Ya. Malyarevskaya. 1977. Some biochemical 

mechanisms of resistance of aquatic invertebrates to toxicants. 
Gidrobiol. Zh. 13(6): 69-73. (Abstract - Biosis Previews). 

Adaptation of aquatic invertebrates Rivulogammarus 
lacustris . Chironomus plumosus . and Pre is sen a polvmorpha to the 
habitat under conditions of 0, deficiency is accompanied by a 
change in the general resistance of the organism to poisoning with 
different toxins. A direct correlation is established between the 
resistance of invertebrates to the effect of blue-green algae and 
organochlorine (DDT) toxins and their ability to change their 
metabolism from aerobic to anaerobic, to synthesize reduced 
nicotinamide coenzymes, to accumulate thiamine and to lower the 
thiaminase activity. 



Birger, T.I., A.Ya. Halareveskaja, V.V. Sherstyuk, and S.L. Gusynskaya. 
1979. Resistance of zooplankton organisms to the effect of blue- 
green algae metabolites. Gidrobiol. Zh. 15(4): 96-101. 
(Abstracts - Biosis Previews). 

The biochemical composition (dry matter, ash, protein, 
lipids, carbohydrates and calories) of 17 spp. of zooplankton, 
Asplanchna priodonta . Brachionus Sfi., Leptodora kindtii . Bosmina 
lonqirostris . Hoina rectirostris . Da phnia pulex . D. magna . Sida 
crvstallina . Ceriodaphnia pulchella . Chvdorus sphaericus . 
Simocephalus vetulus . Polyphemus pedi cuius , Scapholeberis 
mucronata . Cvclops vicinus . Acanthocvclops americanus . Eurytemora 
velox and Dreissena polymorp ha was investigated. Their resistance 
to the blue-green algae metabolities was conditioned by the 
ability to switch over from aerobic to anaerobic metabolism, one 
of the determining factors of which is carbohydrate deposit. The 
most resistant species to the blue-green algae metabolities were 
determined. 



Biryakov, I.N., M.Ya. Kirpoichenka, S.M. Lyakhova and G.I. 

Segeeva. 1964. Living conditions of the mollusc Preissena 
polvmorpha Pallas in the Babinskii backwaters of the Oka River, 
p. 32-38. In: Shtegman, B.K. (ed.). Biology and control of 
Dreissena . Trudy Insituta Biologii Vnutrennikh Vod, Akademia Nauk 
SSSR 7: 1-145. 

The Babinskii backwater was formed as a result of dam 
construction across the Babinskii stream of the Oka River. 
Construction of a hydroelectric power station cascade above the 
Oka River mouth led to changes in the water regime. Changes in 
water levels caused the formation of secondary channels, bars and 
islands served as settling substrates for colonies of Dreissena . 
In addition, decreased current velocity increased the temperature 
of the water mass favouring veliger development, as well, as the 
development of organisms which serve as their food. The 
occurrence of molluscs in deeper zones of the backwater was found 



to be restricted by low water temperatures, low oxygen levels, low 
pH, presence of hydrogen sulphide in the sediments, mineralization 
and hardness of the water. 



Bishop, M.S. and H. DeGaris. 1976. A note on population densities of 
mollusca in the River Great Ouse at Ely, Cambridgeshire. 
Hydrobiologia. 48(3): 195-197. 

Population density and dispersion of ten species of 
freshwater molluscs have been estimated by random quadrat 
sampling. An apparent association between four of the species is 
described. 



Brezeanu, G.H., L. Gruia and A. Pectu. 1986. Die strukturdynamik einer 
population von Dreissena polymorph a Pallas unter den bedingungen 
gesteuerten wachstums im Staussee, Eisernes Tor. Revue roumaine 
de biologie serie de biologie animale. 31(2): 145-148. (Abstract- 
English, Paper-Romanian). 

The paper presents the dynamics in population structure of 
Dreissena polymorpha . The information was obtained after an 
experiment was carried out in the Portile de Fier Lake, where the 
respective species developed abundantly after the Danube damming. 



Bubinas, A.D. 1980. Formation of benthic fauna as a food base for fish 
in the Reservoir of the Kaunas Hydro Electric Power Plant 
Lithuanian-SSR Ussr. Liet. Tsr. Mokslu. Akad. Darb. Ser. C. Biol. 
Mokslai. 1980(4): 91-96. (Abstract - Biosis Previews). 

Benthic fauna were studied in the reservoir of the Kaunas 
hydroelectric power plant in 1961-1974. Due to intense silting, 
rheophilic biocenoses were replaced by pelophilic and 
pelorheophilic biocenoses, with the larval chironomids: 
Chironomus semireductus. C. plumosus and C. reductus 
predominating. Mollusks Dreissena polymorpha and Viviparus 
viviparus . belonging to littorheophilic and phytorheophilic 
biocenoses, made up the most significant portion of fish food 
components in the reservoir. The following crustaceans of the 
Caspian relict complex were introduced in the reservoir in 1960- 
1961: Paramysis lacustris . Limnomysis benedeni . Hemimysis anomala . 
Chaetoqammarus warpachowskvi . Pontoqammarus robustoides . P. 
robustoides aestuarius and P. crassus . They adapted and 
naturalized successfully and became valuable food components for 
fish. 



Clarke, K.8. 1952. The infestation of waterworks by Dreissena 

pol ymorpha . a freshwater mussel. Journal of the Institution of 
Water Engineers. 6: 370-379. 

The nature of the infestation of water works by Dreissena 
pel ymorpha Pallas, and the appearance and habits of this mussel 
are described. A method of determining the age of mussels is put 
forward and agrees with other published data on the matter. The 
experience of a number of waterworks with mussel infestations is 
summerized. Details are given on how such an outbreak was dealt 
with at Great Yarmouth. Good results were reported regarding the 
use of 50 ppm of flowing chlorine for removal of growths, while 2 
ppm prechlorination has kept a main free from further infestation 
for over four years. Various methods that have been put forward 
for the control of mussel infestation are discussed. 



Collingwood, R.W. 1966. Occurrence, significance and control of 

organisms in distribution systems. Journal of British Water 
Works Association. 48: 541-553. 

The report comprises answers to a questionnaire concerning 
the occurrence, significance and control of organisms in 
distribution systems of Britain. It was concluded that 
infestations of organisms is a consnon phenomenon in water mains 
and, although there is no evidence to suggest these animals 
transport disease, there Is concern because they are aesthetically 
displeasing. As such, a variety of mechanical and chemical 
methods of control were summarized. 



Daoulas, C.C, and P.S. Economidis. 1984. The feeding of Rutilus 

ribil io Pisces Cyprinidae in Lake Trichoris, Greece. Cybium. — 
8(2): 29-38. {Abstract - Biosis Previews). 

Feeding in R. rubillo in the oligotrophic Greek lake 
Trichonis during 1978-1979 was examined. Feeding took place at 
daytime and the feeding activity declined in winter and during the 
period of reproduction. More than 43 kinds of food were included 
in the diet. Small and medium sized fish {fish length < 59 mm) 
were euryphagous, feeding on both plant and animal food: the 
largest were stenophagous, mainly consuming the mollusk Dreissena 
pol ymorpha . 

Dorgelo, J. and M. Gorter. 1985. Preliminary data on the size 

composition and settlement of Dreissena pol ymorpha (Pallas) 
(Mollusca: Bivalvia) in lakes differing in trophic state. 
Hydrobiological Bulletin. 18(2): 159-163. 

Size composition and settlement of Dreissena pol ymorpha was 
different among three lakes of different trophic status. 
Abundance of Dreissena was highest in the oligotrophic lake and 



individuals were found at greater depths than in the eutrophic 
lake. Larger individuals, however, where found in the eutrophic 
lake. 



Draulans, D. 1982. Foraging and size selection of mussels by the 

tufted duck, Avthva fuligula . J. Anim. Ecol . 51(3): 943 - 956. 
(Abstract - Life Sciences Collection) 

The foraging activities of wintering tufted ducks ( Avthva 
fuligula ) feeding on freshwater mussels ( Dreissena polvmorpha y 
were studied in order to determine whether or not pre-size 
selection occurred. Eight experiments with captive birds were 
performed to calculate the profitability of the different sizes of 
the mussels and to ascertain the most preferred size classes by 
the ducks under controlled conditions. In two field experiments 
the influence of prey density and diving depth upon prey-size 
selection by wild birds was investigated. The experiments in 
captivity showed that the ducks did not prefer the most profitable 
prey, but took significantly smaller mussels. Excluding visual 
clues in size selection resulted in a further decrease of 
preferred mussel sizes. The field experiments revealed that both 
increasing prey density and decreasing depth caused an increase in 
selectivity. Increasing prey density caused a transition towards 
preference for smaller mussels. 



Draulans, D. 1984. Sub-optimal mussel selection by tufted ducks Aythya 
ful iqula : Test of a hypothesis. Anim. Behav. 32(4): 1192-1196 
(Abstract - Life Sciences Collection). 

A series of tests with four tufted ducks Aythya fuligula . 
feeding on freshwater mussels Dreissena polymorpha was performed - 
to test the hypothesis that tufted ducks select sub-optimal mussel 
sizes to avoid the risk of taking items that are too large to be 
swallowed, or at least, have highly variable profitabilities. The 
results indicate that the largest mussel size class available 
influenced the overall pattern of selection and that an increasing 
risk of taking unprofitable mussels caused a decrease in mean 
mussel size eaten. Some of the recorded differences between the 
birds tested could be explained by differences in the shape of the 
profitability curves for each individual. 



Dudnikov, V.F. and V.P. Mikheev. 1964. The effect of certain metal ions 
on Dreissena . p60-64. In: Shtegman, B.K. (ed.). Biology and 
control of Dreissena . Trudy Insituta Biologii Vnutrennikh Vod, 
Akademia Nauk SSSR 7; 1-145. 

In an effort to control pipeline infestations of Dreissena 
Do1 vmorpha . various metals (copper, zinc, silver, mercury, lead) 
were electrolytically dissolved in water containing the mussel. 
Only copper was found to be effective. At 4 mg/L all specimens 
died within 24 h and at 1 mg/L within 48 h (water temperature was 



20-22 C). Larger mussels died earlier than small mussels. This 
was explained by incomplete hermetic sealing of larger mussel 
shells. Dreissena died earlier at water temperatures of 20-23 C 
which, under normal circumstances, corresponds to the temperature 
of optimal development. 



Dugelay, R., P. Ilieff, and A. Belaud. 1986. Action of cyanuric acid, 
its salts and its derivatives on Dreissena polvmorpha 
1 amelli branch moll usk. Bull. Soc. Hist. Nat. Toulouse. 122: 87 
- 94. (Translation provided by the Ontario Ministry of the 
Environment) . 

The toxic specific action of cyanuric acid (C.A.), or 1,3,5- 
trihydroxy-s-trizin, on molluscs has lead to research its acting 
level on Dreissena polvmorpha . Raw C.A. (R.C.A.), Purified C.A. 
(P. C.A.) as well as several of their derivatives and salts were 
used for lethality tests on 3-4 year old individuals in 1 L 
aquaria at room temperature. R.C.A. revealed to be less toxic 
(LC50=1000 and 2000 mg/1 > 1 month) than P. C.A. (LT 50 1000 and 
2000 mg/1. Itoreq. 17 days). Ammelid and ammelin are not very 
toxic (L.T.90 > 3 months) whereas melamin did not prove toxic 
during dynamics test. The lethal effects of mono, di, and 
tripotassic salts are due to the K* ions. The lethal effects of 
di, and trisodic salts depend on the pH values. The C.A. seems to 
act on two levels: 1) by valve decalcification and shell erosion 
("pH effect"); 2) by deterioration of kidney-function with 
accumulation of the product. 



Franchini, D.A. 1976. First report of Dreissena polymorpha in the 
fouling of the Virgilio Canal Mantua Italy. Conchiglie (Milan) 
12(11-12): 263-268. (Abstract - Biosis Previews). 

After draining the canal in Italy in order to determine the 
cause of excessive vegetative growth, especially, that of 
Potamoqeton pectinatus . exterrsive colonies of D. polvmorpha were 
discovered. The presence of these mollusks favors the development 
of fertile humus in which Potamoqeton thrives. The resulting 
clogging of the canal and control of these mollusks using anti- 
foulant paints are discussed. Biological control using carp is 
also suggested. 



Franchini 



ini, D.A. 1978. Distribuzione verticale di Dreissena polvmorpha 
(Pallas) nel di Garda. Bollettino di Zoologia. 45(3): 257-260. 
(Abstract-Engl ish, Paper-Ital i an) . 

The author has carried out a qualitative and quantitative 
study of freshwater molluscs on the east coast of Garda Lake. 
Much attention has been paid to the vertical range of Dreissena 
polvmoroha (Pallas). This mollusc has been found at depth of 50 
meters and colonies reaching a population density of 20,000 
specimens per square meter have been found. 



Frank, C. Hungarian Mollusk Fauna 1. The Danube near Visegrad. Z. Angew 
Zool . 71(1): 29-70. (Abstract - Biosis Previews). 

In the investigated area, 52 spp. of mollusks were found. 33 
of them were inhabitants of the water (they belong to 14 
families), and the remaining 19 (belonging to 10 families) were 
found in the inundation area. The known distribution in Hungary 
and the zoogeographical distribution and the biology are 
discussed. The set of species found in the investigated area was 
compared with that of the Austrian part of the Danube between 
Vienna and the border. A considerable decrease of certain species 
was observed ( Theodoxus . Lithoglvphus . Fagotia ; local L. peregra 
oyata, Pseudanodonta ; local Dreissena polvmorpha , Unio crassus 
cvtherea ; all the Pisidium spp). 

Franzen, A. 1983. Ultrastructural studies of spermatozoa in 3 bivalve 
species with notes on evolution of elongated sperm nucleus in 
primitive spermantozoa. Gamete Res. 7(3): 199-214. (Abstract - 
Biosis Previews) . 

Sperm ultrastructure and spermiogenesis of the 3 bivalve . 
species Husculus discors . Nucula sulcata , and S£. polvmorpha were 
studied. During spermatid differentiation in M. Discors and N. 
sulcata the nucleus attains an elongated rod-like shape. The 
spermatozoon from N. sulcata has a cup-shaped acrosome and 5 
mitochondria surrounding 2 centioles in the middle piece. The 
spermatozoa from M. discors has a long complex acrosome. From the 
distal centriole striated processes extend and attach to the 
plasma membrane. The spermatozoon of the freshwater species D. 
polvmorpha agrees in all main features with those of other 
invertebrate groups with external fertilization. It is thus of 
the primitive type with barrel -shaped nucleus and 4-5 
mitochondrial spheres in the middle piece. The acrosome is a 
prominant, complex structure at the apex of the mature 
spermatozoon. A comparison of sperm ultrastructure among bivalves 
indicates that there is a certain correlation between the 
evolution of the elongated sperm nucleus and large, yolk-rich 
eggs. In species with an elongated sperm nucleus, the increased 
egg size had often led to a lecithotrophic or direct development. 
The elongated nucleus is a slight modification of the primitive 
type. There is a great variation in acrosome structure among 
bivalve speratozoa, reflecting diverging functional demands at 
fertilization of the eggs. 



Gizinski, A., and N. Wolnomiejski . 1982. Zoo benthos of Koronowo Dam 

Reservoir Poland in its 10th and i5th year of existence. Acta. 

Univ. Nicholai Copernici Pr. Limnol. 9(13): 35-50. (Abstract - 
Biosis Previews). 

The character of the bottom fauna in the 10th year of the 
reservoir's existence was due to the natural ecological 
succession. The typical domination of the number of some taxa 



over others, characteristic for the initial period, declined. 
Shoals of Dreissena polymorpha developed, the number of 
Oligochaeta and the number of the total fauna increased. In the 
15th year the reservoir was partially drained and then again 
refilled in 1974 which resulted in sudden changes of the 
environment and in some symptoms typical for the initial phase of 
the reservoir. 



Greenshields, F. and J.E. Ridley. 1957. Some researches on the control 
of mussels in water pipes. Journal of the Institution of Water 
Engineers. 11: 300-306. 

An account is presented of investigations using chlorine for 
the control of a pipe-infesting mussel, Dreissena polymorpha . 
Comparatively small doses of chlorine can be effective as a direct 
lethal agent when applied for as short a period as 7 days. The 
treatment was demonstrated to be more effective in the summer than 
at any other time. 

Grishanin, A.K. 1987. The Karyotype of Dreissena Polymorpha Pall. 

Bivalvia Mollusca. Tsitologiya. 29(12): 1405 - 1407. (Abstract 
- Biosis Previews) 

The karytoype of g. Dolvmorpha from the Rybinsk reservoir 
has been studied using 240 cells of gonads and gills. The diploid 
set of chromosomes is presented by 32 chromosomes, with 2 size 
classes of metacentric and acrocentric chromosomes, NF-52. 
Colchicine was introduced by both injection and mollusc submerging 
into 0.0002% solution of this substance. 



Hebert, P.D.N. , B.W. Muncaster and G.L. Hackie. 1988. Ecological and 
genetic studies on Dreissena pol ymorpha (Pallas): a new mollusc 
in the Great Lakes. Canadian Journal of Fisheries and Aquatic 
Sciences, (in press) . 

Dreissena polymorpha . a bivalve mollusc endemic to Europe, 
has established a population in Lakes St. Clair and Erie, likely 
as a result of ballast water discharge. Allozyme studies showed 
that the Lake St. Clair population was polymorphic at 69.5% of the 
loci examined and that individual heterozygosities averaged 33.6%. 
This high level of genotypic diversity indicates that the 
population was founded from a substantial number of individuals 
and did not undergo a bottleneck subsequent to founding. The 
population is reproducing with peak densities in excess of 200 
individuals per m^ Juvenile settlement occurs in late July and 
August with veliger larvae preferentially settling on the shells 
of live mussels. The species appears likely to become a dominant 
member of the shallow water benthos throughout the lower Great 
Lakes. 



Hillbricht-Ilkowska, A. and A. Stanczykowska. 1969. The production and 
standing crop of planktonic larvae of Dreissena polymorpha Pall. 
in two Mazurian Lakes. Polskie Archiwum Hydrobiologii . 16(2): 
193-203. 

The period of occurrence, abundance and seasonal 
fluctuations of Dreissena pol ymorpha larvae in plankton were 
different in two investigated lakes and two successive years. The 
mean standing crop of the larvae for the period of occurrence was 
0.02 g/m'. Production was estimated assuming the duration of 
larvae in the plankton was 8 days. The mean daily P/B coefficient 
was 0.24 to 0.27 which is very similar to values obtained for 
crustaceans. Both the standing crop and production of planktonic 
larvae of Dreissena polymorpha represent a very small proportion 
of the total zooplankton production in the summer period. 

Hinz, W. and H.G. Scheil. 1972. Zur filtrationsleistung von Dreissena . 
Sphaerium . und Pisidium (Eulamellibranchiata). Oecologia 11: 45- 
54. 

The filtration rates of Dreissena polvmorpha . Sphaerium 
corneym, Pisidium amnicum and Pisidium casertanum were measured at 
high (14-20 C) and low (5-6 C) temperatures. At higher 
temperatures filtration rates were significantly greater than at 
low temperatures. This pattern was consistent for all size 
classes. The filtration efficiency of large individuals was more 
dependent on temperature than the smaller individuals. The 
filtration rate (mL/g live weight and hour) of the largest 
individual of each species tested was dependent on mobility. As 
such, the relatively mobile P^ amnicum exhibited the lowest rate 
of filtration while the sessile ^ polymorpha had the highest 
rate. The importance of small bivalves in the clarification of 
waters was addressed. 



Hoestlandt, H. 1968. Le probleme du Mollusque Dreissena polymorpha dans 
1 'approvisionnement en eau potable de la region d' Istanbul. 
Rapport de mission. 14 Aout - 7 Septembre 1968. Organisation 
Mondiale de la Sante, Bureau Regional de I'Europe. 25pp. 
(Translation provided by the Ontario Ministry of the Environment), 

The distribution of Dreissena polymorpha was 
restricted to waters with calcium concentrations of 20 to 
125 ppm. The temperature of the water must be 12 degrees C 
before reproduction will occur. Reproduction begins in April 
if the water temperature is 12 C and lasts until November. 
The mollusc generally lives up to 4 years (40 - 42 nm), 
although older mussels have been found. 

Chlorination was investigated as a potential control 
chemical agent of fixed Dreissena polymorpha in drinking 
water supply intake pipes. A dosage of 0.5 ppm residual 
chlorine throughout the length of the pipe for at least 7 
consecutive days 3 times a year was recommended for 



elimination of the greater part of the mussels (Greenshields and 
Ridley 1967). This dosage would not affect pumps and pipes 
according to technical engineers. Chlorine treatment should take 
place at the beginning of the reproduction cycle, e.g. April, once 
during the hottest days of the summer and again at the end of the 
reproduction cycle. 

The microfiltration of water at entry level in lakes 
and reservoirs would stop all entry of the larva if the mesh 
was equal to or less than 75 urn. Although this size of mesh 
would contain the mollusc, there could be problems with the 
filters { clogging, warping, etc.). 

The mussels sometimes attach themselves to the feet of 
aquatic birds. This provides a natural transportation 
vehicle between reservoirs. 



Hoestlandt, H. 1972a. Lutte centre 1 'invasion de la moule d'eau douce, 
Dreissena Dolymorpha Pallas, par Insecticides et Molluscicides. 
Verh. Internat. Verein. Limnol . 18: 951-967. (Translation provided 
by the Ontario Ministry of the Environment). 

In the laboratory, D. polymorpha . 2-3 years old, were 
exposed to insecticides (Carbaryl, Ziram, HCH, Lindane, and 
Biocides 376 and 2172) for 5 days. Toxicty of HCH, Carbaryl, and 
Ziram was relatively low (LD^^, for HCH - 450 ppm) while Ziram and 
the biocides were more toxic (LD^ for Ziram - 5.2 ppm). However 
at these concentrations the insecticides were toxic to fish and 
therefore considered unsuitable. 

Two molluscides, Bayluscide and Frescon, were applied for 1 
day. Bayluscide was ten times more toxic to D. polymorpha but less 
toxic to fish. An application rate of 0.1 to 0.3 ppm for 1 day 
twice per year was recommended. 



Hoestlandt, H. 1972b. Toxicite de deux molluscicides (Bayluscide et 

Frescon) a I'egard de la moule d'eau douce ( Dreissena polymorpha 
Pallas) Bull. Francais de Pisciculture. 244: 104-110. (Translation 
provided by the Ontario Ministry of the Environment). 

Two molluscides, Frescon and Bayluscide, were extremely 
toxic to D. polymorpha . Concentrations of 0.10 ppm and 0.89 ppm of 
Bayluscide and Frescon respectively resulted in 100 % mortality of 
D. polymorpha . Although both chemicals are practically non-toxic 
to mammals, plankton and cold-blooded organisms are very sensitive 
to the two compounds. Bayluscide is less toxic to fish and aquatic 
insects. 

Dreissena polymorpha is an intermediate host to the 
trematode parasite Bucephalus pol vmorhus . which has been 
responsible for fish kills in the Seine River. 
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Hoestlandt, H. and Lassabliere, J. 1959. Destruction thermique de la 
moule d'eau douce. L'Eau 46(11): 38-41. (Translation provided by 
the Ontario Ministry of the Environment). 

Current results of control methods showed thermal treatments 
to be effective in destroying D. polvmorpha . A temperature of 40°C 
for 15 min. eliminated all D. polviriorpha . The prefered treatment 
time was November after the young have fixed themselves 
permanently to a surface. 

The larval stage of D. polvmorpha lasts from the end of May 
until September with individuals living approximately one week. A 
minimum water temperature of 16 C is required for reproduction. 
Ingram, W.M. 1955. Snail and clam infestation of drinking water 

supplies. Journal of American Water Works Association. 48(3): 
258-258. 

Certain molluscs are known to cause problems in raw water 
sources, in water treatment plants and in distribution systems. 
Material presented in this paper includes a general discussion of 
troublesome mollusc species (including Dreissena polvmorpha ) and 
their life cycles, potential portals of entry into finished water, 
means of prevention and possible elimination of infestations. 



Jenner, H.A. 1983a. A microcosm monitoring mussel fouling. p393-406. In: 
J.A. Diaz-Tous et. al . (Eds.). Symposium on Condenser Hacrofouling 
Control Technologies. The State-of-the-Art. 

A microcosm has been designed to study fouling in cool water 
circuits by marine mussel Mvtilus edul is and the freshwater 
mussel Dreissena polvmorpha . The monitor can be considered as a 
bypass of the cooling water conduit and allows observation of 
mussel settlement and effectivity of the antifouling agent. In 
the closed barrel -shaped container water flows vertically from top 
to bottom. With a flow of 40 L/min, siltation problems are 
prevented. 

The main purpose of the monitor was to signal the appearance 
of a mussel spat in the cooling water conduit. Until recently 
chlorination in seawater cooling systems was started when the 
temperature rose above 10 C. With help of the monitor, 
chlorination can be delayed until the spat is actually seen to 
settle. The yearly hypochlorite consumption thus could be reduced 
by 30% at the power station studied. The monitor can also be used 
to test the effectiveness of alternative control measures as well 
as investigate the biology of the fouling organism. 



Jenner, H.A. 1983b. Control of mussel fouling in the Netherlands: 

Experimental and existing methods, p. 407-421. In: J.A. Diaz-Tous 
et.al. (Eds.). Symposium on Condenser Macrofouling Control 
Technologies. The State-of-the-Art. 

Settlement and growth of mussels cause problems in cooling 
water systems. Usually fouling is prevented by chlorination. Due 



to growing environmental concern research is continuing to find 
new physical and chemical control methods. Physical antifouliDg 
methods, such as acoustics and sedimentation, offer no 
perspectives. Non-toxic antifouling coatings, such as foams, need 
to be further investigated, especially with respect to settlement 
behavior of spat and long-term resistance to seawater. Heat 
treatment proves to be successful both in laboratory experiments 
and in plant-scale experiments. In freshwater cooling systems one 
treatment a year (35 C during I h) and in seawater 3-4 treatments 
per year (38 C during 1 h) are effective. Continuous and 
discontinuous chlorination at low levels (<0.3 mg/L free available 
halogen) does not prevent settlement of Hytilus . The growth rate, 
however, is strongly reduced and they tend to release themselves 
after several months. Dreissena is much more susceptible to 
chlorination. All settled mussels are killed by a 2-3 week 
continuous chlorination treatment at the end of the reproductive 
season. 



Jenner, H.A. 1984. Chlorine minimization in macrofouling control in 
the Netherlands, p 1425-1433. In: Jolly, R.L. et al . (Ed.) 
Water Chlorination Vol. 5. Chemistry, Environmental impact and 
health effects. Lewis Publish., Chelsea, MI. 

To accurately determine the effective timing of chlorination 
of inlet systems for control of macrofouling, a mussel monitor is 
described. With the mussel monitors, plant operators can observe 
the occurrence and frequency of growth of the mussel population. 
The most effective timing and levels of chlorination can then be 
determined. For fresh water inlet systems, chlorination (0.5 mg/L 
TRO) for 2 weeks at the end of the summer (water temperatures ca. 
IS^C.) would completely kill all macrofoulers. 



Oorgensen, C.B., T. Kiorboe, F. Kohlenberg, and H.U. Riisgard. 1984. 
Ciliary and mucus net filter feeding with special reference to 
fluid mechanical characters. Mar. Ecol . Prog. Ser. 15(3): 283- 
292. (Abstract - Biosis Previews). 

Filter characteristics were determined and compared in 
ciliary and mucus-net filter feeders. The ciliary feeders include 
the polychaete Sabella penicillus , the brachiopod Jerebratulina 
retusa . the marine bivalves Honia SQuama . Card i urn qlaucum . and 
Petri col a pholadifonnis . the freshwater bivalves Dreissena 
polymorpha . Unio pictorum and Anodonta cvgnea . The mucus-net 
feeders are the polychaete Chaetopterus variopedatus . the 
gastropod Crepidula fornicata and the ascidians St vela clave . 
Ciona intestinal is . Ascidia virqinea . fi. obi igua and A. mentula . 
Efficiencies of particle retention as a function of particle size 
was determined by counting of particles in samples in inhalant and 
exhalant water. The lower threshold for efficient particle 
retention varied from ca 6 um in J. retuso to ^a 1 urn in D. 
polymorpha . Mucus nets efficiently retained particles down to 1-2 
um. Filter feeding characterized by processing of water at low 



pressures (1 mm h20). Mechanisms of water processing and particle 
retentioa in brachiopods and bivalves are compared. Lamin flow of 
through-currents and surface-currents in brachiopods is consistent 
with the hypothesis of capture of suspended particles by means of 
viscous forces acting upon the particles in the zone of contact 
between the 2 flow systems. 



Kachalova, O.L. and N.A. Sloka. 1964. Dreissena polymorpha Pallas in the 
Daugava (Western Dvina) river basina. p. 39-45. In: Shtegman, B.K. 
(ed.). Biology and control of Dreissena . Trudy Insituta Biologii 
Vnutrennikh Vod, Akademia Nauk SSSR 7: 1-145. 

Dreissena populations in the Gulf of Riga covers mainly the 
pre-estuarine river sections, but in the Daugava River Basin it is 
mostly confined to the lower river course. The mollusc also 
occurs in most seaside lowland lakes (with a few exceptions), but 
is absent from lakes in the remaining part of Latvia. However, 
some of these lakes in southwestern Latvia (the Latgalia Heights) 
are linked to the Duagava River Basin by a tributary of the Dubna 
River. Dreissena distribution in the Daugava River depends on 
bottom type and current velocity, the mollusc develops best where 
the current is slow. Reproduction proceeds from May until 
November, reaching a peak in June and July. Veligers occur in the 
littoral and in the pelagic zone of the Daugava River, the former 
being more heavily polluted. 

Karbe, L., N. Antonacopoulos and C. Schnier. 1975. The influence of 
water quality on accumulation of heavy metals in aquatic 
organisms. International Association of Theoretical and Applied 
Limnology. 19: 2094-2101. 

It was desired to investigate the effect of water quality on 
the accumulation of heavy metals (especially mercury) in Dreissena 
polymorpha . Unio trimidus . and Anodonta anatino . Individuals of 
these species were collected from Schaalsee, Germany, a 
mesotrophic lake not influenced by industrial waste, domestic 
sewage, nor drainage waters. Individuals were transplanted at 7 
stations along the Elbe River (Germany). Stations exhibited 
definite differences in trophic and saprobic conditions. Results 
suggest that accumulation of metals from water by organisms is 
strongly influenced by the water quality at these stations. 

Karpevich, A.F. and A.T. Shurin. 1978. Manganese in the metabolic 
processes of molluscs of the Baltic Sea. Biologiya Morya. 
(English translation) 6: 437-442. 

The effect of manganese ions on the metabolic processes of 
Macoma baltica . Mva arenaria , and Dreissena pol ymorpha . dwellers 
in the Gulf of Riga, was studied. In concentrations of 2-5 mg/L 
the accumulation of manganese in the gonads, liver, and heart of 
the animals was low and stimulated their metabolism. At higher 
concentrations (17-20 mg/L), manganese content in these organs 
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Increased and oxygen consumption rose sharply. As the 
concentration was increased oxygen consumption gradually declined 
and the animals fell into an anesthetic state, became debilitated, 
and died. After 2 months in solutions of manganese (2-17 mg/L), 
shells became overgrown with bacteria and blackened as a result of 
excretions of grains containing manganese. 

Kemey, M.P. and B.S. Morton. 1970. The distribution of Dreissena 

Dolvmorpha (Pallas) in Britain. Journal of Conchology. 27:97-100. 

The occurence of Dreissena pol vmorpha in Britain was first 
noted in 1824 and by 1850 attained its present distribution. The 
dispersal of Dreissena to Britain from Europe was thought to be 
fascilitated by increased international trade. It is probable 
Pcdssen j i travelled inside vessels, either in ballasts, which 
would be discarded on arrival, or attached to merchandise, 
specifically imported timber. Dreissena was able to spread 
throughout inland Britain by utilizing newly constructed waterways 
and canals. Possession of a free-swimming larvae increased the 
dispersal capacity of Dreissena . whilst the retention of a byssus 
into adult life enabled Dreissena polymorpha to colonize stony 
places, inaccessable to other freshwater bivalves. Thus, the 
retention of primitive characters in an environment where 
specialization is the rule, allows D. do! vmorpha to be successful. 

Kharchenko, T.A. and A.V. Lyashenko. 1986. Destruction of allochthonous 
organic matter in canals in the presence of Dreissena . 
Hydrobiological Journal 21: 93-98. (English translation of 
Gidrobiologicheskii Zhumal). 

Experimental chutes were used to investigate the role of 
Dreissena in the decomposition of organic matter. Water quality 
in the chutes (i.e. the influence of Dreissena on water 
purification) was evaluated using several indices: the oxygen 
regime, mineral forms of nitrogen, suspended matter, organic 
matter content from bichromate and permanganate oxidation, and 
BPK,. In the presence of Dreissena . the process of destruction 
of organic matter proceeds more intensively and completely. Large 
scale populations of Dreissena are natural blof liters which play a 
significant role in the process of selfpurlfication and 
improvement of water quality. 

Khmeleva, N.N., and Yu. F. Hukhln. 1986. Correlation between upper 

lethal temperatures and silicon content in ecologically different 
hydrobiont species from continental water reservoirs. Dokl . Akad. 
Nauk. SSSR 291(5): 1272 - 1275. (Abstract - Biosis Previews). 

Correlations were established in Dreissena Dolymoroha 
(Mollusca), Macrobrachium nioponense (Crustacea), Gammarus 
lacustris (Crustacea), Pontogammarus crassus (Crustacea), and 
Planorbis corneus (Mollusca), Odonata (Insecta), Plumatella 



funqosa (Bryozoa) between lethal temperatures and the season of 
the year, as well as between upper lethal temperatures and S; 
content in the hydrobionts. The mechanism of the participation of 
Si in increasing the thermoresl stance of aquatic organisms is 
uncertain. 



Kluytmans, J.H., and D.I. Zandee. 1983. Comparative study of the 
formation and excretion of anaerobic fermentation products in 
bivalves and gastropods. Comp. Biochem. Physiol. G. Comp. Biochem. 
75(4): 729-732. 

Marine bivalves and gastropods Hytilus edulis . Cardium 
edule . Ostrea edulis . Crassostrea angulata . Buccinum undatum . 
Nucella lapillus . Littorina littorea . Crepidula fornicata . 
freshwater bivalves and gastropods Unio pictorum , Anodonta cvonea . 
Dreissena polvmorpha . Lymnaea stagnalis . and land gastropods 
Cepaea nemoral is . Helix oomatia were studied for accumulation of 
lactate , alanine, aspartate, succinate and volatile fatty acids 
during 24 h of anaerobiosis at 14 degrees C. Lactate was the 
major fermentation product in land gastropods and was formed in 
significant amounts in the freshwater gastropod Lvmnaea stagnalis 
and the marine bivalve Cardium edule . Accumulation of alanine 
occurred concomitantly with the conversion of aspartate to 
oxaloaecetate in marine bivalves and gastropods. Land gastropods 
use other sources of NH3 for pyruvate conversion into alanine in 
addition to aspartate. Alanine and acetate accumulation are 
interrelated. Freshwater animals with low free aspartate levels 
convert more pyruvate into acetate, than into alanine. All 
species accumulate succinate. Conversion of succinate to 
propionate within 24 h of anaerobiosis was observed in all 
bivalves, but was absent in the gastropods, except Buccinum 
undatum . Many species excrete volatile fatty acids but some 
species, e.g. Lvmnaea stagnalis . also excrete lactate and 
succinate. 



Koenigstein, P.J. 1986. Feeding ecology of the coot Fulica atra on 
canals in Berlin West with special consideration of the urban 
influence. Verh, Ornithol. Ges. Bayern. 24 (2-3): 209 - 246 
(Abstract - Biosis Previews). 

The study on the ecology of Coots on the West Berlin canals 
was made between Harch of 1979 and April of 1980. The main topic 
was the feeding ecology: Composition of food, time budgets for the 
uptake of the different food items, and the Influence of winter 
feeding by humans. The research was carried out on ten different 
localities by observation, the shortcomings and advantages of 
which is discussed in some detail. Composition of food shows 
great variations. During the summer half of the year there was an 
average uptake of 12% algae, 2% leaves, 8% grass, 5% bread, 68% 
insects, and 4% other items, based on a total of 100 per cent 
feeding time. During the winter half of the year the Coots took 
27% floatsam (mainly seeds), 4% algae, 2% leaves, 5% grass, 21% 



bread, 40% benthal macroinvertebrates, and in 1% of time scats of 
Black-headed Gulls. Benthal macroinvertebrate communities 
consisted mainly of oligochaetes (with a peak density of up to 1 
million oligochaetes per square metre), larvae of chironomid 
midges and mollusks (predominantly Oreissena polymorpha). In the 
harbour of Licterfelde the energy content of the 
macroinvertebrates collected by diving Coots equalled 1280 kJ per 
Coot and day. This is more than threefold of the basic metabolic 
requirements for a Coot. At that place the Coots additionally 
make use of the better thermal conditions during night roosting in 
the effluents of warm "cooling water' of a power plant. "The 
amount of time spent for feeding per hour correlated with the 
availability of food of proper quality". 

Komenantov, A. Yu., V.V. Khlebovich, and N.V. Aladin. 1985. Features 
of osmotic and ionic regulation in bivalve mollusks as they depend 
on environmental factors. Ikologiya 1985 0(5): 39-46. (Abstract 
- Biosis Previews). 

The following freshwater and sea bivalve molluscs were 
studied: Anodonta piscinalis . A. subcircularis . Dreissena 
Dolvmorpha . Mvarenaria . Macoma balthica . Corbicula iaponica . M. 
balthica takahokoensis and Laternula limicola . The first seven 
molluscs were able to maintain their internal hyperosmosis under 
conditions of low salinity. A correlation was found between the 
osmoregulatory capacity and salinity tolerance range on the one 
hand and the temperature and ionic composition of the environment 
on the other. Under low salinity, the freshwater molluscs were 
able to maintain a Na ion concentration in the blood at higher 
levels than in the environment. 



Kooijman, S.A.L.H. 1981. Parametric analyses of mortality rates in 
bioassays. Water Res. 15(1): 107-120. (Abstract - Biosis 
Previews). 

Parametric analyses are presented for mortality rates 
obtained from bioassays. Large sample theory was based on 
estimation and testing of no, small and ultimate effects of test 
compounds on maximum likelihood principle. Relevance of LC50 in 
toxicity tests and hazard evaluation was discussed. Analysis of 
accumulation and elimination behavior of test compounds through 
mortality rates was described. A method was presented for 
estimating disappearance rates of test compounds in a semistatic 
bioassay from mortality rates of test organisms Poecilia 
reticulata . Daphniai magna . Chaetooammarus marinus . Dreissena 
polymorpha . and Anodonta cvonea . 



Kornobis, S. 1977. Ecology of Dreissena Dolymorpha (Pall.) 

(Dreissenidae, Bivalvia) in lakes receiving heated water 
discharges. Polskie Archiwum Hydrobiologii . 24(4): 531-545. 

Populations of Dreissena polymorpha from heated lakes 
colonize at shallower depths (2-3ni), exhibit prolongation of 
larval occurrence in the plankton, and show decreased growth of 
individuals on the substratum relative to individuals which have 
settled on objects in the water space. Observed densities of 
Dreissena do not differ from medium density, nonheated lakes. 
Five age groups can be distinguished. However, a maximum length of 
only 29 mm was found. Reproductive activity appears to begin 
earlier in heated waters, presumably due to the increased 
temperature regime of the lake. In addition, mortality of 
individual age groups as well as total mortality are much higher 
in heated lakes than values reported for nonheated lakes. 

Krauss, M. 1979. Feeding ecology of coots on the Havel Lakes in West- 
Berlin and the influence of coots and muskrats on the reedbed 
development. An2. Ornithol. Ges. Bayern 18(2-3): 105 - 144 
(Abstract - Life Sciences Collection) 

Observations were carried out from Jan. 1977 to July 1978. 
Parameters were the composition of the diet, the time spent for 
feeding on particular food items, and the effect of humans on 
winter feeding. The coot's feeding time budget during the sunmer 
and winter is outlined. Molluscs (presumably preissena 
polymorpha ) were preyed upon only during a cold spell in February 
by diving in the "Lieper Bucht". Marked coots spent up to 56 days 
at the feeding place and they appeared again in the following 
winter season. The numbers of coot present in the study area 
reached migratory peaks in December and Febrary. The first coots 
appeared at the feeding places as early as Aug, leaving at the end 
of March. 



Lewandowski, K. 1976. Unionidae as a substratum for Dreissena pol vmorpha 
Pall. Polskie Archiwum Hydrobiologii. 23(3): 409-420. 

The extent of the overgrowth of Dreissena polymorpha on 
Unionidae was studied in some Mazurian Lakes. It has been found 
that the overgrowth was very intense. In Hikolajskie Lake, 85% of 
the total number of examined Unionidae had fi. polymorpha attached 
to them and in 35% of the cases the biomass of the adherent 
Dreissena was higher than that of the overgrown Unionidae 
individual. The extent of overgrowth varied at various depths of 
a lake, in various years, and various lakes. Laboratory 
experiments to determine the settling preferences of Dreissena 
polymorpha showed that live Unionidae and Dreissena polymorpha 
colonies were preferred substrates as compared with empty shells 
of bivalves or stones. No unfavourable effects of D^ polymorpha on 
Unionidae were observed. 



LewandoMski , K. 1982. The role of early developmental stages in the 
dynamics of Dreissena polymorpha bivalvia populations in lakes 1. 
Occurrence of larvae in the plankton. Ikol. Pol. 30(1-2): 81- 
110. (Abstract - Biosis Previews). 

The occurrence of D. polymorpha larvae in the water of 
several lakes was investigated. The time of appearance, numbers, 
horizontal and vertical distribution in several growing seasons 
and the body-size structure of planktonic larvae were analyzed. A 
great variation was found of abundance dynamics of larvae in 
different lakes and in the same lake, but in different years. 
During peak occurrence periods several thousand to several hundred 
thousand individuals cntdot.m-3 were found. Larvae usually 
occurred in larger numbers in the littoral than in the pelagial. 

Lewandowski, K. 1983a. Formation of annul i of shells of young 

Dreissena polymorpha . Pol. Arch. Hydrobiol. 30(4): 343-352. 

In an eutrophic lake, the occurrence of annul i in the 
youngest (0-2 yr old) fi. polymoroha was analyzed. In addition to 
winter annuli, the major part of individuals exhibited also summer 
annuli . The number of annul i varied, amounting to 1-3 in 
individuals having survived 1 winter and 2-5 in 2 yr olds. 



Lewandowski, K. 1983b. Occurence and filtration capacity of young plant- 
dwelling Dreissena polymorpha Pall, in Majcz Wielki Lake. 
Polskie Archiwura Hydrobiologii . 30(3): 255-262. 

Settling took place between the end of June and August, its 
intensity being highest in July. The mean abundance of young 
individuals, in the autumn of the current year, was 60,000/m of 
the vegetated bottom. In the following spring abundance decreased 
by 94.2%. Abundance of young Dreissena was highest on Characeae, 
and lower on Ceratophylum demersum and El odea canadensis . It was 
found that the filtration capacity of the newly settled, plant- 
dwelling individuals exceeded, despite their small size, the adult 
individuals occuring in colonies at the bottom of Majcz Wielki 
Lake. 



Lewandowski, K. 1983c. The role of early developmental stages in the 
dynamics of Dreissena polymorpha bivalvia populations in Lakes 2. 
Settling of larvae and dynamics of numbers of settled individuals. 
Ekol. Pol. 30(3-4): 223-286. (Abstract - Biosis Previews). 

In field experiments the setting of Q. polymorpha larvae on 
natural and artificial substrates, and in 26 Masurian lakes, the 
occurrence of settled Q. pol ymorpha on plants and elsewhere was 
analyzed. The mortality of young generations and the dynamics of 
numbers of settled Q. polymorph^ were determined. Two moments 
connected with a high mortality of juvenile individuals were 
critical for the formation of a population. The first of these is 



the passing of the planktonic larvae to sedentary life and the 
secood the mortality of postveligers attached to submerged 
vegetation. 



Lewandowski, K and J.Ejsmont-Karabin. 1983. Ecology of planktonic larvae 
of Dreissena pol vmorpha {Pall.) in lakes of different degrees of 
heating. Polskie Archiwum Hydrobiologii . 30(2): 89-101. 

In six lakes undergoing post-cooling cast of waters from 
electric power stations investigations were carried out on the 
occurrence of planktonic larvae of Dreissena pol vmorpha . Larvae 
started to appear in these lakes in April, two months earlier than 
reported in unheated lakes of the same climatic zone, peaking in 
July and remaining in the plankton until September. A majority of 
larvae were encountered in the epilimnion, however, in sites near 
the waterfall cast of post-cooling waters larvae were distributed 
evenly throughout the water column. The waterfall cast was 
thought to disturb thermostratification at these sites allowing 
larvae to distribute uniformly. 

The length of larvae ranged from 70 um to 290 um. The young 
larvae were most abundant at low depths and the older individuals 
deeper still. Dead larvae, up to 20 indiv./dm', occurred in the 
plankton suggesting intense mortality of larvae under conditions 
of heated lakes. 



Lewandowski, K. , and A. Stanczykowska. 1986. Molluscs in Lake 

Zarnowieckie Poland. Pol. Ecol . Stud. 12 (3-4): 314 - 330. 
(Abstract - Biosis Previews). 

What are the conditions under which Dreissena eggs can 
develop? This question has been pursued in laboratory cultures 
with respect to factors which may be of ecological importance. It 
could be demonstrated that fertilization of the eggs can be 
delayed for 2.5 to 4.75 hours after release depending on the 
temperature. Sperm keeps its motility longer at most temperatures 
tested (2 to 22 hours). High sperm concentration (up to 106 sperm 
ml -1) does not affect the rearing success in a negative way. 
Rearing is possible between pH values of 7.4 and 9.4 and a 
temperature span between 12 and 24 degrees C. The developmental 
speed is clearly temperature dependent. The embryos are fairly 
robust towards the absence of all ions except calcium. They 
turned out to be quite tolerant towards a reduced oxygen content 
of the water (down to 20 per cent at 18 degrees C). They are 
quite sensitive to turbulence caused by aeration. 

Lewandowski, K., and A. Stanczykowska. 1987. Molluscs in Lake 

Zarnowieckie. Pol. Ecol. Stud. 12(3-4) 315-330 (Abstract - Life 
Sciences Collection) 

Malacofauna of Lake Zarnowieckie was analysed in 1974-1981, 
before construction of a pumped- storage power station. Dreissena 



polymorpha (Pall.) predominated; it was most abundant the depth 
of 3-4m. Planktonic larvae of this species were observed for 3.5 
summer months. Afterwards the larvae commenced sedentary life, 
mostly on plants (94%) and less frequently on mature colonies of 
their own species. 



Lukanin, V.S. 19S4. Survival of adult Dreissena in copper sulphate 

solutions of different concentration and temperature, p. 69-70. In: 
Shtegman, B.K. (ed.)- Biology and control of Dreissena . Trudy 
Insituta Biologii Vnutrennikh Vod, Akademia Nauk SSSR. 7: 1-145. 

Copper sulphate added to water lines has been considered to 
control infestations of Dreissena . The lethal dose of copper 
sulphate was experimentally determined for adult Dreissena with 
5 h exposure at different temperatures. At temperatures below 
22.5 C the lethal dose of copper sulphate was so high that it was 
impractical to consider it a viable method for the control of 
mussels, especially when considering the corrosion of metal tubes 
caused by copper sulphate. At temperatures above 27.5 (which 
rarely occur in water supply systems) the lethal dose 
concentrations decreased to practical values e.g. 80% mortality at 
a concentration of 3.7 mg/L. In the absence of copper sulphate, 
mussels exposed for 5 h at a temperature of 32.5 C resulted in 
total elimination of molluscs. Therefore, the use of heated water 
for control of Dreissena fouling seems more practical. 

Lyakhov, S.M. 1964. Work of the Institute of Biology of Inland Waters, 
Academy of Sciences of the USSR. p. 55-59. In: Shtegman, B.K. 
(ed.). Biology and control of Dreissena . Trudy Insituta Biologii 
Vnutrennikh Vod, Akademia Nauk SSSR. 7: 1-145. 

Dreissena polvmorpha is a significant biofouler of 
hydroelectric stations, industrial water supply lines and drinking 
water intake conduits. As such, methods to elim.inate Dreissena 
and prevent further infestation are summarized. 

Treatment with heated water resulted in the extermination of 
Dreissena and rapid detachment from the substrate. Copper 
sulphate was proposed to prevent growth of Dreissena . however, it 
was only found to be effective at very high concentrations. Ions 
of metals electrolytically dissolved in water was proposed to 
eliminate fouling. Copper proved to be the most effective yet 
could only be applied to water conduits of low discharge. At 20 
C Dreissena actively utilizes oxygen. Therefore, it was suggested 
that, in the summer, pipes be hermetically sealed to create 
anaerobic conditions. Unfortunately Dreissena can survive several 
days in complete absence of oxygen. Thus, this method is only 
possible if the pipes can be shut down for a number of days. 
Electric pulses of industrial frequency was proposed to eliminate 
Dreissena from open surfaces (e.g. trash racks, gattes, screens, 
walls). Elimination at summer water temperatures was accomplished 
with a field intensity of 7-8 v/cm for 27-31 h. An electric field 
created in the pipe cross section was employed to kill suspended 



veliger larvae. However, a field intensity of 400 v/cm was 
necessary which, under industrial conditions, presents a technical 
and economic limitation to the method. 



Lyakhov, S.M. and V.P. Mikheev. 1964. The population and distribution of 
Dreissena in the Kuibyshev Reservoir seven years after its 
construction, p. 1-14. In: Shtegman, B.K. (ed.). Biology and 
control of Dreissena . Trudy Insituta Biologii Vnutrennikh Vod, 
Akademia Nauk SSSR. 7: 1-145. 

There was a gradual accumulation of Dreissena polvmorpha and 
organic matter in the center of the reservoir during the first six 
years of its existence. With progressive disintegration of 
arboreal substrates, with silting, and with the beginning of the 
natural dying off of the aging Dreissena . the population will 
decrease. Consequently, organic matter formed by Dreissena will 
play a greater role in the total metabolism of the reservoir than 
it did in the first years of the reservoir's existence. 

Lyakhnovich, U.P., S.I. Hawrylaw, A. Yu. Karatayew, I.V. Karatayeva, and 
T.I. Nyakhayeva. 1982. Multi year changes in the macro zoo 
benthos of Lake Lukomlskoe Belorussian-SSR USSR. Vyestsi. Akad. 
Navuk. BSSR Sijer. Biyal . Navak. 1982(1): 91-93. (Abstract - 
Biosis Previews). 

The changes in the zoobenthos in Lukomlskoe Lake from 1968- 
1978 were studied. The results were compared with the data of 
1932. Increase of the parameters of the benthos is ascribed to 
the filtration activity of Dreissena polvmorpha Pallas, which was 
first found in the lake in 1972. 



Hicha, J.C., and M. Genin. 1978. Impact of nuclear plant on 

dulcicolous ecosystems. Nat. Belg. 59(6-7); 149-158. (Abstract 
- Biosis Previews). 

A study of the environmental impact of the Tihange Nuclear 
plant Belgium on the Meuse River 1s discussed. Thermal pollution, 
radioactive contamination of aquatic organisms and chemical 
pollution are considered. The effect of thermal discharge on 
biological cycles such as metamorphosis, migration, reproduction 
and behavior is discussed with special mention of the decreased 
Dreissena polvmorphtf population and changes in Atvaeohyra 
desmaresti and Rutilus rutilus populations. Radioactive 
contamination of aquatic organisms, accumulation and transfer in 
trophic chains and somatic and genetic effects are considered for 
large invertebrates, fish and molluscs. Tests on liver, spleen, 
brain, fat reserve and testicular function in R. rutilus were 
performed. Pollution by and accumulation of 137Cs, SOCo. 54Mn, 
134Cs, 58Co, 3H and 90Sr are discussed. Chemical pollution as a 
result of biocides used to protect cooling towers is considered, 
as is redistribution of the toxic metals Zn, Cu, Cd and Hg. 



Mikheev, V.P. 1964a. Linear growth of Drelssena polyniorDha in some 
reservoirs of the European USSR. p. 47-54. In: Shtegman, B.K. 
(ed.). Biology and control of Dreissena . Trudy Insituta Biologii 
Vnutrennikh Vod, Akademia Nauk SSSR. 7: 1-145. 

Comprehensive data on Dreissena growth in reservoirs are 
lacking in the Soviet literature. This paper clarifies the 
characteristics of the growth of Dreissena polymorph^ in selected 
reservoirs of the European USSR. Growth rates of Dreissena are 
higher in shallow depths where there is no current. Swift 
currents and stormy weather in the reservoirs inhibit Dreissena 
growth. In the southern reservoirs the increase in size of 
Dreissena is greater than in those further north, due to the 
longer period of growth in the former. Growth rates of Dreissena 
are higher in the summer than in the autumn, thus the growth 
increments in young Dreissena are always higher. In the Volga 
reservoirs mortality of Dreissena begins from the age of six 
years. 



Mikheev, V.P. 1964b. Mortality rate of Dreissena in anaerobic 

conditions, p. 65-68. In: Shtegman, B.K. (ed.). Biology and control 
of Dreissena . Trudy Insituta Biologii Vnutrennikh Vod, Akademia 
Nauk SSSR. 7: 1-145. 

Artificial creation of oxygen deficiency in fouled pipelines 
was investigated as a means of control for infestations of 
Dreissena . Laboratory experiments indicate moderate success if 
pipelines can be closed for 3-4 days. When oxygen levels in the 
water were below 26% saturation, the respiratory coefficient 
(released COj/consumed OJ exceeded unity. Mortality of mussels, 
in oxygen deficient conditions, increased as water temperature 
increased. Mortality increased when dead specimens were present 
due to disintegration products in the water, and bacterial 
development, which Increased oxygen uptake for oxidation and 
bacterial respiration. Small mussels consume more oxygen than 
large mussles, therefore, small mussels died first in anaerobic 
conditions. Dreissena . however, is capable of existing for a long 
time (3-4 days) without oxygen at high temperatures. 

Morton, B.S. 1969a. Studies on the biology of Dreissena polvmorpha Pall. 
1. General anatomy and morphology. Proceedings of the 
Malacological Society of London. 38:301-321. 

Some aspects of the anatomy of Dreissena polymorpha are 
described and a detailed account of the way in which particulate 
food material is subjected to a variety of ciliary sorting 
mechanisms within the mantle cavity. The internal structure of 
the stomach and the digestive caeca are described, as also the 
process of secretion of the crystalline style matrix. The role of 
the pericardial gland In the abstraction of solid waste material 
from the blood is considered within the general context of feeding 
and digestion. Dreissena polymorpha exhibits many primitive 



features, including the possession of a free-swimming veliger 
larvae, a functional byssus gland in the adult and simple mantle 
fusions. Dreissena also has many other features which recall the 
condition in the Mytilacea. Whether these basic similarities are 
due to convergence or imply a conrnon ancestry between the 
Oreissenacea and Hytilacea is considered. 

Morton, B.S. 1969b. Studies on the biology of Dreissena polymorpha Pall. 
2. Correlation of the rhythums of adductor activity, feeding, 
digestion and excretion. Proceedings of the Halacological Society 
of London. 38: 401-414. 



Dreissena polymorpha possesses a circadian rhythum of 
adductor activity and quiescence. The rhythuro can be related to: 

1) The filter-feeding habits of the individual. 

2) The extra-cellular digestive processes in the lumen of the 
stomach. 

3) The intra-cellular digestive processes in the digestive 
diverticula. 

4) The excretion of waste particulate material from the digestive 
tubules. 

5) The formation of part at least of the animals supply of blood 
amoebocytes. 

It has been established that Dreissena is capable of 
reacting to a wide range of feeding circumstances. It is 
concluded that Dreissena Is a discontinuous feeder rather than a 
continuous feeder, and it is suggested that this may well prove to 
be the rule rather than the exception in the class Bivalvia. 



Morton, B.S. 1969c. Studies on the biology of Dreissena Dolymorpha Pall. 
3. Population dynamics. Proceedings of the Halacological Society 
of London. 38: 471-482. 

In Walthamstew, a British reservoir, Dreissena polymorpha 
lives approximately 2-3 m below the water surface and extends down 
where possible to depths of 4-7 in. The maximum age has been 
determined as 5 years, although most animals die when 3.5 years 
old. Growth begins early in the year when water temperatures 
reach a threshold of 11 C. Growth continues until the winter 
months, interrupted only by the breeding season. In Britain, 
breeding occurs in June, with larvae settling in late July and 
early August in a zone corresponding In position to that occupied 
by the adult population. Growth is most rapid in newly settled 
and first year individuals, thereafter, growth decreases with 
increasing age. 



Morton, B.S. 1969d. Studies on the biology of Dreissena pol ymorph a Pall 
4. Habits, habitats, distribution and control. Water Treatment 
and Examination. 18: 233-241. 

Rapid spread of Dreissena polymorph a across Europe is 
largely due to man's increased use of inland waterway systems. 
Both lentic and lotic freshwater or estuarine habitats have been 
successfully colonized by D. polvmorpha . Dreissena is a serious 
problem where it colonizes pipes, tunnels and channels carrying 
water to and from storage reservoirs. A variety of methods have 
been iraplimented to control infestations. Although chlorination 
successfully controls Dreissena . more research is needed into 
other control methods. 



Morton, B.S. 1971. Studies on the biology of Dreissena polvmoroha Pall. 
5. Some aspects of filter-feeding and the effect of micro- 
organisms upon the rate of filtration. Proceedings of the 
Malacological Society of London. 39:289-301. 

Dreissena pol vmorpha has a low filtration rate {shell size 
2.9 cm, rate=5-180 mL/h) compared with other bivalves. 
Experiments have shown that the filtration rate of D. pol, ymorpha 
increased with temperature, pH (exceeding 7.8), shell length and 
decreasing viscosity. Low and high turbidity readings decrease 
the filtration rate. However, there was an optimum level of 
turbidity {0.075 g/L DAG-colloidal graphite) associated with a 
rise in filtration rate. The presence of certain concentrations 
of algal cells is associated with a marked increase in filtration 
rate. The concentration of algal cells necessary to cause the 
increase in filtration is dependent on the size of the cell. 
Thus, it is concluded that the filtration rate of Dreissenna 
Dol vmorpha is influenced by subtle changes in the environment. 



Morton, B.S. 1979. Freshwater fouling bivalves. Proceedings, The First 
International Corbicula Symposium, October 1977. l-14p. 

Associated with mans* utilization of freshwater has arisen 
concomitant problems of biofouling, particularly with regard to 
bivalve molluscs. The spread of the bivalve foulers has matched 
water resource development. Prerequisites for successful 1 
colonization of artificial waterways by bivalves, especially 
Dreissena and Corbicula . are discussed. The impact of freshwater 
bivalves upon both the natural and man-made freshwater systems is 
discussed and various methods of control are described. 



Pedrol i , J.C. 1978. Preliminary note on the growth of the zebra mussel 
Draissena polymorpha in the Lake of Neuchatel Switzerland. Bull. 
See. Neuchatel Sci. Nat. 101: 45-52. (Abstract - Biosis 
Previews). 

From 1976-1977 the growth of D. polymorpha from the lake of 
Neuchatel Switzerland was studied by means of immersed cages which 
allowed young individuals to attach or contained individuals of 
known dimensions. Growth was expressed by the maximum length of 
each individual. After the first summer, individuals produced in 
1976 revealed a higher growth rate than did those produced in 1977 
(5.5 mm instead of 1.9 mm). After the second summer, individuals 
produced in 1976 reached a length of 11.9 mm. Individuals within 
a range of 18-33 mm had a slow and regular growth of 0.13 mm/mo. 
The same individuals had a high mortality rate of 4.5% per mo. 
The present results are compared to those obtained in Lake 
Constance, in Great Britain and in Poland. 



Petrov, N.B., N.Yu. Ado, A.B. Poltaraus, and M.M. Raiter. 1977. DNA 

characteristics of members of some groups of invertebrates. Biol. 
Naulei. (Mosc.) 20(7): 24-29. (Abstract - Biosis Previews). 

In conjunction with its value in systematic and phylogenetic 
analyses, the DNA composition of 12 invertebrate species was 
studied using paper chromatography of acid hydrolysates. Species 
studied included Memertini ( Lineaus gesserensis . Amphiporus 
lactlqreus ). annelids ( Nereis virens . Arenicola marina ). Hollusca 
( Panope iaponica . Cvprina islandica . Dreissena col vmorpha ) and 
Echinodermata ( Henricia sanguinolenta - yellow and violet forms, 
Crossaster paposus . Stronqyl ocentrotus nudus, Stichopus 
Japonicus K On the basis of fragmented DNA reassociation 
characteristics, genome structure was analyzed. 

Piesik, Z. 1974. The role of the crayfish Qrconectes lijnosus (Raf.) in 
extinction of Dreissena polymorpha (Pall.) subsisting on steelon- 
net. Polskie Archiwum Hydrobiologii. 21(3-4): 401-410. 

This study investigated the role of the crayfish Qrconectes 
limosus as a natural predator of Dreissena on network curtains 
protecting hydrotechnical equipment against invasion by that 
bivalve. Adult crayfish 90 mm long ate an average of 93 -114 
individuals of Dreissena (1-15 mm long) daily, and during the 
summer season ate from 5580-6600 mussels. The amount and size of 
the devoured Dreissena depended of the size of crayfish. Even the 
biggest crayfish could not eat Dreissena bigger than 12 mm. 
Lowering the temperature decreased the intensity of feeding by 
crayfish. Feeding crayfish cleaned Dreissena (1-5 mm) from the 
curtain and thus provided space for newly settling individuals. 
It can be supposed that 0^ limosus eats Dreissena in other types 
of reservoirs, thereby limiting the abundance of the bivalve. 



Piesik, Z. 1983. Biology of Dreissena polymoroha (Pall.) settling on 
steelon-nets and the role of this mollusc in eliminating seston 
and the nutrients from the water-course. Polskie Archiwum 
Hydrobiologii. 30(4): 353-361. 

The biology of a 1 year old population of Dreissena 
polymorpha . settled on stylon-net barrier set in one of the 
downstream River Older channels, was studied. A mass density of 
larval Dreissena was found to occur on the barriers from May 
through October. A mean density of Dreissena on the nets ranged 
from 1,530-448,970 indiv./ra^ of net area. Only 3% of the bivalves 
survived the winter. Individuals which settled on the nets fell 
prey to various predators, mainly Qrconectes limosus and Fulica 
atra . The bivalves lining on the barriers eliminated dissolved 
nutrients, CaCO,, and other mineral salts from the water. 

Pligin, Y. V. 1979. Extension of the Distribution of Dreissena buoensis . 
Abstract in Sixth Meeting on Molluscs, Leningrad, 1979. 

An increase in distribution of Dreissena buoensis 
occurred after the construction of a hydroelectric power 
station and water reservoirs where Dreissena pol, y;norpha had 
been found previously. The wide distribution was caused by 
anthropogenic effects upon the ecosystem of the river 
(impoundment of the river and creation of a system of water 
reservoirs) and the formation of favorable environmental 
conditions for the development of Dreissena buqensis (fall 
in the current velocity, silting of the bottom). 
Distribution can also be enhanced by intensive navigation. 



Protasov, A. A. 1979. Dynamics of zooperiphyton species abundance in 
experimental substrates located in heated waters of a thermal 
electric power plant. Gidrobiol. Zh. 15(4): 48-50. (Abstract - 
Biosis Previews). 

Data obtained in studying zooperiphyton Dreissena 
polymprph^ . Plumatella emaroinata and UrnateHa grapilis on 
experimental substrates in the area of Tripolie thermal power 
station (Kanev reservoir Ukrainian SSR, USSR) were analyzed using 
the MacArthur and Wilson balance model of the island communities. 
The balance between settlement and distribution of species in 
heated water sets at high values of colonization rate and rate of 
species elimination, which indicates a higher community dynamics 
under such conditions. Periphyton habitats are considered as 
peculiar ecological islands and periphyton communities as island 
communities. 



Proteau, J. P., and R. Labat. 1979. Toxicity of Cyanuric-Acid for some 
fresh water mollusks. Bull. Soc. Hist. Nat. Toulouse, 115(3-4): 
402-413. (Abstract - Biosis Previews). 

Survival -mortality times in 4 spp. of fresh water mollusks 
were determined after intoxication in a static or dynamic 
environment as a basis for studying the toxicity of cyanuric acid 
(triazine-l,3,5-trione). In Anodonta cygnea in a dynamic 
environment it takes 43 days to kill 50% of the organisms (LC50) 
at a concentration of 2000 ppm and 42 days at 1000 ppm, while in a 
static environment, LC50 at 1000 pp is 36 days. In Vivipara 
vivipara the LC50 is 32 days at 2000 ppm and 44 days at 1000 ppm 
and 24 days at 1000 ppm in a static environment. Similar figures 
are given for Dreissena polymorpha and Planorbis spp. Cyanuric 
acid is therefore an active molluscicide, though not exhibiting 
any toxicity for other levels of the aquatic ecosystem. It may be 
used to eradicate bilharziases. 



Scheil, H.G., and A. Guenther. 1981. Amylases in Dreissena polymorpha 
Mollusca Eulamell ibranchiata evidence for 2 polymorphic systems. 
Zool . Anz, 207(3-4): 120-122. (Abstract - Biosis Previews). 

Five different amylase isozymes could be demonstrated in Q. 
Polymorpha Pall, with a maximum of 4 isozymes per individuum. The 
isozymes can be attributed to 2 systems corresponding to 2 gene 
loci . 

Shevtsova, L.V. 1971. Determination of the weight of Dreissena 
polymoroha Pall, and D. bugensis Andr. from their size. 
Hydrobiological Journal. 7: 103-105. (English translation of 
Gidrobiologicheskii Zhurnal). 

It was desired to determine the weight-length relationship 
in Dreissena polymorp ha and 0. bugensis . The regression equations 
for calculating the weight of an individual from its length are 
for D. polymorpha : W - 0.278 * L '-'°' (r-Q.991) and for D. 
bugensis : W - 0.244 * L ^"' (r-0.993). The resulting equations 
can be used to determine the weight of any size group of Dreissena 
populations, whether larval stages (veliger, postveliger, 
siphonforming), or definitive individuals. 



Shevtsova, L.V, and T.A. Kharchenko. 1981. The role of Dreissena in 
reworking suspended organic matter in the North-Crimean Canal. 
Hydrobiological Journal 17: 33-36. (English translation of 
Gidrobiologicheskii Zhurnal). 

The research on the North-Crimean Canal conducted in 1974- 
1975 has revealed the quantity, biomass and distribution of 
Dreissena . Calculations of the filtration activity and rate of 
oxygen uptake by different size groups of the mussel are 
presented. These data and those of the component composition of 



the seston were employed to evaluate the role of Dreissena in 
sedimentation and processing of suspended organic matter in the 
canal . 



Shevtsova, L.V., T.A. Kharchenko and V.A. Movchan. 1980. Toxic effect of 
ammonium nitrate on Dreissena polymorpha . Hydrobiological 
Journal. 15: 65-69. (English translation of Gidriobiologicheskii 
Zhurnal) . 

In search for a means of controlling fouling of closed 
pipelines of irrigation systems by Dreissena . a series of 
laboratory tests were carried out to study the effect of ammonium 
nitrate solution on this mollusc. At 16-19 C and an exposure time 
of 5-6 days, treatment with a 400-500 mg/L solution of NH^NO, led 
to 100% mortality of Dreissena . Yearlings 10-15 mm long were most 
resistant. As a control method, it was concluded that an ammonium 
nitrate solution of 400-500 mg/L, followed by hermetic sealing of 
the pipelines for 6 days, would sufficiently kill Dreissena . The 
dead mussels could be then be removed by flushing the lines. 

Shopov, V. 1984. Quaternary molluscan communities from the Bulgarian 
Black Sea shelf. Daleontol. Stratigr. Litol. 20(0): 33-56. 
(Abstract - Biosis Previews). 

Biostratlgraphy of the Quaternary deposits of the Bulgarian, 
Black Sea shelf is based on the dominating molluscan groups 
(bivalves and gastropods). The molluscan biostratigraphic scheme 
is of regional validity only in the shelf and the ancient coastal 
zones. Only one community of Lower Pleistocene age was identified 
as follows: Dreissena rostriformis tschaudae - Didacna tschaudae 
tschaudae . It is of Caspian type and is found in the sediments of 
the ancient bars in the zone of the outer shelf. Two communities 
of Middle Pleistocene age Dreissena polymorpha - Didacna spp. and 
Dreissena pol vmorpha - Honodacna subcolorata - Abra ovata were 
established in the shallow sediments of Burgas Bay. They are in 
superpositional relations. They grade upwards into the following 
Upper Pleistocene (Karangantian) communities: Corbula qibba - Rissoa 
parva - Bittium reticulatum . Cardium tuberculatum - Paphia senescens 
and £. Edule -B. reticulatum . The end of the Pleistocene is marked 
by 2 communities of Caspian type; Dreissena polymorpha (inner 
shelf) and fi. rostriformis distincta (outer shelf). In the 
beginning of the Holocene the link of the sea with the world ocean 
was restored. Lower, Middle and Upper Holocene communities were 
found in the area of the inner shelf in superpositional relations: 
C. edule - Hydrobia ventrosa -D. polymorpha . fi. polymorpha -H. 
ventrosa-M. caspia . R. parva -C. edule -B. reticulatum and Cione 
qalina - Ostrea edulis - Hvtilaster lineatus -B. reticulatum : and in 
the outer shelf: H- ventrosa - Monodacna caspia . Mytilus 
qaHooprovincialis . Spisula subtruncata trianqula and Modiolus 
phaseolinus of the same age. The molluscan communities were 
compared with similar communities from the Soviet USSR part of the 
shelf and related to the regional stratigraphic surfaces coincide 



with the lithostratigraphic only in cases when there is a break in 
sedimentation. In the opposite case they are cross-cutting the 
lithostratigraphic surfaces. They do not coincide (only as an 
exception) also with the abstract surfaces of the 
chronostratigraphic boundaries. 



Slava, E.E., Zh. V. Kruze, and Yu Ya, Lainis. 1986. New Data on the 
Bioaccumulation and Distribution of pesticides in the Zoobenthos 
of the coastal area of the Gulf of Riga Latv1an-SSR USSR. Lotv. 
Psr. Zinat. Akad. Vestis. 1986(4): 107-110. (Abstract - Biosis 
Previews) . 

The role has been detentiined of populations of the mussel 
Dreissena oolymorpha in N and P cycles in 5 lakes of the Jorka 
river watershed. Comparisons were made to establish what amounts 
of N and P are accumulated in mussels in each of the lakes under 
study. The largest quantities were found in Lake Majcz Wielki, a 
mesotrophic water body. For the same lake also the shortest 
nutrient "partial turnover time* was found by assessing the 
filtration processes. It has been demonstrated that the role 
played by the mussels in nutrient cycles is of the same magnitude 
as the role of macrophytes. 

Slooff, W., D. deZwart and J.M. Harquenie. 1983. Detection limits of a 
biological monitoring system for chemical water pollution based on 
mussel activity. Bulletin of Environmental Contamination and 
Toxicology. 30:400-405. 

An early warning indicator of toxic water conditions is 
based on valve reponse (closure) of the freshwater mussel 
Dreissena Dolvmorpha . Q. polvmorpha was subjected to a variety of 
chemicals. The detection limit for each chemical was defined as 
the minimum test concentration that causes an alarm (i.e. valve 
closure). Q. polvmorpha responded to all chemicals tested. 
However, the observed sensitivity was lower relative to a 
previously tested fish respiration biomonitoring system. Despite 
the lower sensitivity, the valve response of Q. po1 , ymorpha was 
advocated as an effective monitoring system of toxic substances in 
water. Relative to the fish respiration monitor, valve response 
was thought to represent a more direct indicator of toxic 
conditions and less susceptable to noise, independent of 
temperature and photoperiod, did not require control individuals, 
and was not interupted by feeding. In addition, the mussel system 
is self-maintaining and can be installed and operated at much 
lower costs. 



Sprung, M. 1987. Ecological requirements of developing Oreissena 
polymorpha eggs. Archive fuer Hydrobiologie Supplementband. 
79(1): 69-86. 

Fertilization of eggs can be delayed for 2.5 to 4.75 h after 
release depending on temperature. Sperm keeps its motility longer 
at most temperatures tested (2 to 22 h). High sperm concentration 
(up to 10* sperm/mL) does not affect the rearing success in a 
negative way. Rearing is possible between pH values of 7.4 and 
9.4 and a temperature of 12 and 24 C. The developmental speed is 
clearly temperature dependent. The embryos are fairly robust in 
the absence of all ions except calcium. They were quite tolerant 
towards a reduced oxygen content of the water (down to 20% 
saturation at 18 C). Individuals were quite sensitive to 
turbulence caused by aeration. 



Sprung, M. and U. Rose. 1988. Influence of food size and food quantity 
on the feeding of the mussel Dreissena polvmorpha . Oecologia 77: 
526-532. 

Dreissena pol ymorpha had a maximum filtration rate at low 
food concentrations and a maximum ingestion rate at high food 
concentrations. As food concentration f Chlamvdomonas reinhardii ) 
increased there was an increase In the interruptions of the 
pumping activity with a corresponding lower level of water 
transport. Minimum particle size for filtering by Q. polymorpha is 
0.7 urn. Retention reached a plateau at about 5 urn particle 
diameter. 

At a food concentration of approximately 10 cells per uL, 
filtration rate of D. pol ymorpha was about 200 ml per hr. The 
position of cilia on the g1ll filaments are represented by 
scanning electron micrographs. 

Stanczykowska, A. 1964. On the relationship between abundance, 

aggregations and "conditions' of Dreissena pol ymorpha Pall, in 36 
Kazurian lakes. Ekologia Polska-Seria A. 12: 653-690. 

Dreissena polymorpha was absent in 7 of 36 lakes surveyed. 
There was no relationship between occurrence and trophic status of 
a given lake. In lakes which had Dreissena polymorp ha abundance 
ranged from a few individuals to several thousand per m^. 
Variation in abundance was not found to be related to differences 
in environmental factors. 

Horizontal distribution of Dreissena was similar for all 
lakes. The lower littoral and upper sublittoral region was 
colonized forming a dense belt encircling the entire basin. 
Abundance was low near the shoreline, peaking at depths of 2-4 m 
and gradually decreasing with increasing depth until no 
Individuals could be found deeper than 11-12 m. Young, immature 
individuals were predominate in the shallow littoral zone. These 
individuals exhibited a patchy distribution unrelated to the 



direction of the prevailing winds. Older individuals were 
.uniformly dispersed in the midlittoral-sublittoral zone. 

There was a strong tendency for Dreissena to aggregate 
regardless of the amount of available substrate or whether the 
substrate was fit or unfit for settlement. However, surface area 
of the substrate positively influenced the size of a given 
aggregate. An aggregation may contain 2.5-147 individuals with 
the older animals at the centre of the aggregation. 

D. polymorpha differed in shell size but not shape among the 
lakes investigated. The condition of individuals differed among 
lakes. However, this was related to the density of aggregates. 
Larger, heavier individuals were found in aggregates of lower 
densities. 



Stanczykowska, A. 1977. Ecology of Dreissena polvmorpha (Pall). 

(Bivalvia) in lakes. Pol. Arch. Hydrobiol. 24{4): 461 - 530. 

A summary of long term studies on Q. pol vmorpha in a variety 
of lakes is given. Population densities differ with time in 
individual lakes and some reservoirs. In most cases this is 
determined by the mortality during the settlement of planktonic 
larvae. Mortality of adult states is small, except in the case of 
almost total reduction in the number of adults in overpopulated 
areas. Majority of adult mortality is due to predators such as 
fish and waterfowl. Size and shell weight and body weight of 
individuals significantly vary between populations. Usually they 
depend on trophic conditions although regulating mechanisms are 
different. These mechanisms are either direct or indirect such as 
thermal conditions or mussel density. 

Fluctuations in biomass and annual production were related 
to varying size and weight of individuals. These changes often did 
not correspond to changes in the number of molluscs. Water 
filtered, seston consumption, and feces production varied among 
populations. For example, in Mikolajskie Lake these parameters 
varied by up to two orders of magnitude over a fifteen year 
period. 



Stanczykowska, A. 1978. Occurrence and dynamics of Dreissena polymorpha 
(PALL.) (Bivalvia). Verh. Internat. Verein. Limnol . 20:2431-2434. 

Dreissena polymorph^ is one of the most common European 
bivalve molluscs occurring in rivers, lakes, dam reservoirs, 
channels and bays. Q. polymorpha is a rapidly spreading specied 
characterized by high fecundity. Mortality is highest in the 
postveliger stage (up to 99%) primarily as a result of unfavorable 
oxygen conditions, unsuitable bottom substrate, strong water 
movements and high large-particle suspension. The reproductive 
period is determined by temperature and varies in different years 
and different waterbodies. Mortality in the adult stage occurs 
primarily as a result of predation. Although Dreissens polymorpha 
is a nuisance organism in some situations, it is a benefit to 



lakes by accelerating circulation of matter, significantly 
modifying the seston and sediment environment and providing an 
important link in the food net. 

Stanczykowska, A. 1979. Size and weight of Dreissena polymorph a from 
European lakes. Hydrobiological Journal, 14:20-23. (English 
translation of Gidrobiologicheskii Zhurnal). 

Size and weight of the shell and body of Dreissena 
Dolymorpha were investigated in different lakes, as a function of 
food availability, temperature and population size. Dreissena 
inhabiting cool waters exhibited a longer life span than 
individuals in warmer or heated waters. Larger mussels were found 
in lakes of high food availability. If food resource was 
comparable to other sites, size was related to the length of 
growing season, i.e. longer in heated waters. In lakes in which 
food was not limiting, animals were heavy and abundant. 
Conversely, lakes in which food was not readily available, mussels 
were small and weighed less and occurred in lower densities. For 
Dreissena polvmorpha . it was concluded that size and weight were 
better indicators of variable environmental conditions than was 
population abundance. 

Stanczykowska, A., E. Jurklewicz and K. Lewandowski . 1983. Ecological 
characteristics of lakes in north-eastern Poland versus their 
trophic gradient. X. Occurrence of molluscs in 42 lakes, Ekologia 
Pol ska 31(2): 459-475, 

Forty mollusc species were found in lakes examined. In 
dimictic lakes the number of species were greater than in 
polymictic lakes. With increasing phosphorus concentration in the 
water, the number of mollusc species decreased. Dreissena 
polvmorpha dominated dimictic lakes. In polymictic lakes the 
occurrence of this species depended on the trophic state. It 
dominated lakes with low phosphorus content and did not occur in 
lakes of the highest trophic state. Mean abundance of molluscs in 
dimictic lakes and in lakes with low phosphorus levels were 
several hundred individuals per m' of the littoral bottom. In 
more fertile polymictic lakes, abundance values were many times 
lower. Biomass of molluscs was lower in polymictic lakes. No 
differences were observed among lakes when considering the biomass 
of snails. The results obtained indicate that molluscs, and 
especially some dominant species (e.g. Dreissena polvmorp ha) may 
be valuable indicators of changes or differences in lake 
environments. 



Stanczykowska, A., W. Lawacz, J. Mattice and K. Lewandowski. 1976. 
Bivalves as a factor affecting circulation of matter in Lake 
Mikolajskie (Poland). Limnologica. 10(2): 347-352. 

The role of bivalve populations was investigated in 
Mikolajskie Lake, Poland. Bivalves are represented in this lake 
by 3 main groups: Unionidae, Sphaeriidae, and Oreissena 
polymorph a . Unionid bivalves were found in the littoral zone at a 
depth of 20 cm to 5.5 m with an average density of 0.4 indiv./m^ 
Dreissena polymorpha also occurred in the littoral zone at a depth 
of 20 cm to 7-8 ra. The average density was approximately 300 
indiv./ra*. Sphaeriids occurred throughout most of the lake from 
the littoral zone to depths of 20 m. The density of sphaeriids 
approximated 15 indiv./f*- The filtration rate for Unionidae 
ranged from 60-490 mL/indiv.h and for Q. polvmorpha from 10-110 
mL/indiv.h. The population of fi. polymorph could filter 53 
million m* per season (6 mo.) and consume 160 tons dry weight of 
seston. Unionidae could filter 0.9 million m' and consume 2.5 
tons of seston while sphaeriidae could filter 0.6 million m^ of 
water and consume 2.0 tons of seston. These animals effectively 
filtered 8% of the primary production of the lake. The results 
indicate that the role of bivalves in the energy flow of the lake 
is significant. 

Stanczykowska, A., K. Lewandowski, and J. EJsmont-Karabin. 1983. Biotic 
structure and processes in the lake system of River Jorka 
Watershed Masurian Lakeland Poland 9. Occurrence and distribution 
of molluscks with special consideration to Dreissena polymorpha . 
Ekol. Pol. 31(3): 761-780. (Abstract - Biosis Previews). 

The occurrence of mollusks in 5 lakes joined by the River 
Jorka was investigated. In all lakes the mussel fi. polvmorpha 
dominated. This species varied greatly in particular lakes, in 
both individual characters (size, shell and body weight, growth) 
and population characters (numbers of pi anktonic .larvae and 
settled individuals, range of distribution, biomass, age 
structure). 

Stanczykowska, A. and M. Planter. 1985. Factors affecting nutrient 

budget in lakes of R. Jorka watershed (Masurian lakeland, Poland) 
X. Role of the mussel Dreissena polymorpha (Pall.) in N and P 
cycles in a lake ecosystem. Ekologia Polska. 33(2): 345-356. 

The role of populations of the mussel Dreissena polvmorpha 
in N and P cycles in 5 lakes of the Jorka river watershed was 
investigated. Comparisons were made to establish what amounts of 
N and P are accumulated in mussels in each of the lakes under 
study. The largest quantities were found in Lake Majcz Wielki, a 
mesotrophic water body. It was found that this lake exhibited the 
shortest nutrient "partial turnover time" by assessing the 

I filtration processes. It has been demonstrated that the role 

played by mussels in nutrient cycles is of the same magnitude as 

I 



the role of macrophytes. Mussels occurring in most eutrophic and 
mesotophic lakes remove a considerable amount of nitrogen and 
phosphorous from the cycle and accumulate them in the soft tissue 
and shell. The amounts of N and P accumulated in mussel 
populations are similar to amounts accumulated in macrophytes. 
However, mussels remove nutrients from the cycles for a much 
longer time relative to macrophytes. 



Suter, W. 1982. The influence of waterfowl on populations of zebra 
mussels ( Dreissena polvmorpha Pall.) in the Untersee and upper 
Rhine River (Lake of Constance). Schweiz. Z. Hydrol . 44(1): 149- 
160 (Abstract - Life Sciences Collection) 

In 1977-81 the river Rhine near the lake of Constance held 
the highest densities of Zebra Mussels (D. Polvmorpha ) ever found 
in Central and Western Europe with up to 12 kg/m2 fresh biomass. 
Wintering diving ducks and coots consumed 97% of the standing crop 
every year. The population maintained itself by mass immigration 
of mainly 1-year-old mussels during the summer. This lead to 
large temporal and spatial (within 4 km) fluctuations of biomass. 



Suter-Weider, V.P. and U. Zimmerman. 1976. Uber die vert ikalvertei lung 
und jahreszeitliche entwicklung der lardendichte von Dreissena 
pol ymorpha Pallas im pelagial des unteren Zurichseebeckens im 
Jahre 1974. Hydrologie 38(2):159-170 (Abstract-English, Paper- 
German) 

The freshwater mussel Qreissena pol ymorpha Pallas was 
sighted for the first time in Lake Zurich, 1969. Additional 
information was collected on temperature, secchi depth, and beam 
transmittance. Larvae first appeared in the beginning of June 
when the average water temperature was 16.1 C. The highest 
concentration of larvae was found at a depth of 4 m. The seasonal 
course of concentration of larvae follows the course of the mean 
temperature of the epilimnion. 

Szlauer, L. 1974. Use of steelon-net veils for protection of the 

hydroengineering water works against Dreissena pol ymorpha Pall. 
Polskie Archiwum Hydrobiologii 21(3-4): 391-400. 

Serviceability of the veils used for safeguarding of hydro- 
engineering installations against Dreissena polvmorp ha invasion 
has been studied. Mass settling of young individuals of this 
mussel species has been observed on the veil hung in the headrace 
channel furnishing water to the hydro-engineering installations. 
The veil of 26 m^ in the surface was able to withhold 5 million 
young mussels. The large-scale settling of Dreissena polvmorpha 
on the veil suggests that a range of veils could effectively 
protect the hydro-engineering installations from infestations of 
Dreissena polvmorpha . 



Tadzhal i-Pur, O.M. 1980. Bottom fauna of the Iranian coast of the 

Caspian Sea. Izv. Akad. Nauk. Az. SSR Ser. Biol. Nauk. 1980 (4); 
96-97. (Abstract - Biosis Previews). 

Some representatives of crustaceans and the following 
benthos were found: Dreissena elata . 0. polymorpha . Abra ovata . 
Cerastodenna lamarcki . Didacna trigonoides . 0. pyramidata . D. 
baeri . 0. paraHella . Hvpanis laeviuscula laeviuscula . H. vitrea . 
H. anqusticosta . Mvtil aster lineatus . Theodoxu? pallasi and 
Planorbis sp. Mollusks were the dominant benthos (numbers and 
biomass); crustaceans were second. The maximum development of 
benthic animals was observed near Astara and the minimum near 
Bender-Anzali . 



Ten Winkel, E.H. and C. Davids. 1982. Food selection by Dreissena 

polymorpha Pallus (Mollusca: Bivalvia). Freshwater Biology. 12: 
553-558. 

The role of selection systems in the mantle cavity and the 
stomach of Dreissena polymorpha was investigated by comparing the 
composition of particles in the plankton, the stomach and the mid- 
gut. Both systems selected particles of 15-40 um for food. The 
selection mechanism functioned more efficiently in the presence of 
simple algal mixtures than in the presence of lake plankton, but 
did not function at all in animals fed after 16 h starvation. The 
composition of successive pseudofaecal pellets differed. It is 
concluded that selection of different kinds of particle occur in 
specific places in the mantle cavity. Cryptomonas spp. were 
highly preferred as food. Indications were found that not only 
does size-selection occur but also selecton of a chemical nature. 



Van Diepen, J. and C. Davids. 1986. Zebra mussels and polystyrene. 
Hydrobiological Bulletin. 19(2): 179-181. 

Growth of settled and metamorphosed larvae of Dreissena 
polymorpha is retarded when polystyrene plates are used as a 
substrate compared with growth of those attached to PVC plates. 
Possibly, low molecular weight compounds (monomers, dimers, 
trimers.etc.) are released into the aquatic environment by the 
polystyrene and these materials may have an adverse effect upon 
the growth of young D. polymorpha . There is no difference in 
colonization of young mussels between PVC and polystyrene plates 
if these plates are sufficiently overgrown with bacteria and 
algae. 



Wallet, M., and A. Lambert. 1984. Characterization of the cercaria of 
Bucephalus polymorphus Treroatoda Bucephalidae chaetotaxy and 
excretory system. Ann. Parasitol Hem. Comp. 59(6): 583-588. 
(Abstract - Biosis Previews). 

The excretory system and the chetotaxy of the cercaria of g. 
polymorphus Baer, 1827 which develops in pre is sen a Dolymorpha 
(Lamel 11 branch, Dreissenidae) in southeast France, is described. 
These observations are compared with those from Poland. 



Wallet, M., and A. Lambert. 1986. Distribution and evolution of 
parasitism of Buceohasus polymorphus in the mollusc Pr^iss^n^ 
polymorpha first Intermediate host in southeast France. Bull. Fr. 
Peche Piscic. 1986(30): 19-24. (Abstract - Biosis Previews). 

The first epidemiological data of the larval infection with 
Bucephalus polymorphus in south-east of France are reported. The 
distribution of the mollusc Dreissena polymorpha . first 
intermediate host, in the water network between the Rhone and 
Garonne rivers, is studied. The evolution of parasitism in the 
mollusc was recorded for four years (1981-1984) in a reference 
station. 



Wallet, M., A. Theron, and A. lambert. 1985. Shedding pattern of 

cercariae of Bucepf^alu? polymorphus Trematoda Bucephalidae and its 
relationship to the activity of its host Dreissena polymorpha 
Lamelli branch i a Dreissendae. Ann. Parasitol. Hum. Comp. 60(6): 
675-684. (Abstract - Biosis Previews). 

The chronobiological study of the cercaria! emergence of 
Bucephalus polymorphu? demonstrates a circadian rhythm of shedding 
with a peak emergence during the dark period for LO 12:12 and a 
peak emergence during the first hour of Illumination for LD 16:8. 
Continuous recording of the filtration activity of the Mollusc 
Dreissena polymorpha don't show a rhythmic variation of this 
activity but a correlation exists between high emissions of 
cercariae and intense activity of filtration. Laroellibranch 
noil uses, as Intermediate hosts of Trematoda can be considered as 
an original model for the study of host-parasite relationship 
involved in the chronobiological aspects of the cercarlal shedding 
and factors affecting this phenomenon. 

Walz, M. 1973. Studies on the biology of Dreissena polymorpha in Lake 
Constance. Archiv fuer Hydrobiologie Supplemental band. 42: 452- 
482. 

From early summer until October the females lay their eggs 
in batches. Already in autumn the eggs are built up for the next 
period of reproduction. In greater depths of the lake the mussels 
did not spawn until October. The larvae carry out diurnal 
vertical migration, during which they approach the surface at 



night. In Lake Uberlingen they assemble during the day at depths 
of 5 m, depending on the light. The larvae are mainly 
concentrated near the boundary of the epil imnion-metalimnion and 
follow the vertical fluctuations of these zones of the water 
column. If this zone moves too deep the larvae actively choose a 
preferred higher zone. An experiment investigating the preferred 
artificial substrate for settling Dreissena indicated that mussels 
will settle heterogeneously on different materials. Generally the 
lower side of the substrate was preferred. Adult mussels were 
found down to depth of 55 m. Within all age groups the mussels 
decreased in length down to a depth of 30 m and remained constant 
at greater depths. Experiments to control the mussels by gaseous 
nitrogen have been carried out in the laboratory. The life span 
of the mussels in nitrogen has been shortened by 30% compared with 
air. This effect was modified by temperature and season. 



Walz, N. 1978a. The energy balance of the freshwater mussel Dreissena 
polvmorpha in laboratory experiments and in Lake Constance. I. 
Pattern of activity, feeding and assimilation efficiency. Archiv 
fuer Hydrobiologie Supplementband. 55; 83-105. 

In the first of a series of publications all stages of food 
uptake (filtration, ingestion and assimilation) in Dreissena 
polymorpha . a filter feeding freshwater mussel, were considered. 
The mussels have no particular activity rhythm although the time 
filtered in each 24 h remained constant at 16.8 h. The ingestion 
rate reached a plateau at 2 mg C/L, with an optimum at 12.5 C, and 
its dependence on body size was presented as a power function. 
With a food concentration of 2 mg C/L the assimilation efficiency 
for carbon was 40%. 



Walz, N. 1978b. The energy balance of the freshwater mussel Dreissena 
Dolymorpha in laboratory experiments and in Lake Constance. II. 
Reproduction. Archiv fuer Hydrobiologie Supplemehtband. 55: 106- 
119. 

The reproduction of Dreissena polvmorpha in surface and 
deep water from Lake Constance was investigated in relation to 
total production. Gamete growth begins in late summer, stops over 
the winter, and is completed in the spring. Spawning occurs at 
the end of May. Oocyte development and spawning can also occur in 
deep water. The growth rate of ripening oocytes in both surface 
and deep water could be determined. The carbon content of the egg 
cells was 2.12*10"* mg C. Dependence of the annual female 
reproduction rate (RP)in body size was described by a power 
function {RP-0.04*W'") . 



Walz, N. 1978c. The energy balance of the freshwater mussel Dreissena 
Dolvmorpha in laboratory experiments and in Lake' Constance. III. 
Growth under standard conditions. Archiv fuer Hydrobiologie 
Supplementband. 55: 121-141. 

The total soft body growth of Dreissena polymorpha was 
considered under laboratory conditions. The effect of various 
environmental factors in mussel growth are investigated. A 
constant diatom food concentration was maintained for two months 
in a newly developed experimental system. Height loss in 
starvation conditions was simultaneously determined. Growth rate 
(G) was dependent on food concentration and uptake, temperature 
and body size. A negative power function {G-c*W*) correlates the 
decrease in growth rate with increasing body size. Growth rate 
increases with increasing food concentration until a plateau was 
reached at 2 mg C/L with an optimum between 10 and 15 C. 

Walz, N. 1978d. The energy balance of the freshwater mussel Dreissena 
polymorpha in laboratory experiments and in Lake Constance. IV. 
Growth in Lake Constance. Archiv fuer Hydrobiologie 
Supplementband. 55: 142-156. 

Growth was studied in mussels kept in large experimental 
tanks supplied with water from Lake Constance from 1 and 60 m 
depths. The concentration of particulate organic matter and other 
environmental factors were recorded. The mussel growth was 
clearly dependent on phytoplankton development. The interruption 
of growth in summer could be ascribed to a lower food 
concentration at that time. The maintenance concentration rose 
with increasing temperature and body weight. Mussels in water 
from the 60 m depth lost weight as their maintenance requirement 
was not satisfied. 



Walz, N. 1978e. The energy balance of the freshwater muSsel Dreissena 
polymorpha in laboratory experiments and in Lake Constance. V. 
Seasonal and nutritional changes in the biochemical composition. 
Archiv fuer Hydrobiologie Supplementband. 55: 235-254. 

The biochemical composition of mussel soft body tissue is 
dependent on environmental factors, particularly food 
concentration and temperature. The relative carbon and lipid 
content in the soft body rose with increasing concentration of the 
algae Nitzschia actinastroides whereas the protein content 
decreased over the two month experimental period. Except on 
carbon, temperature had a modifying effect. All biochemical 
fractions investigated decreased under starvation conditions, 
especially carbohydrates. Mussels held in sjtu showed an inverse 
relationship between the relative protein and carbon soft body 
content during the course of the year. The relative organic 
carbon content of the shell was 0.53%. The total carbon content 
of the byssus threads increased positively with body weight. 



Walz, N. 1978f. Growth rates of Dreissena Dolymorptia Pallas under 

laboratory and field conditions. International Association of 
Theoretical and Applied Limnology. 20: 2427-2430. 

Laboratory experiments indicated that the growth rate of 
Dreissena polymorpha increased with increasing food concentration 
asymptoting at an algal concentration of 2 mg C/L. At 8 C, weight 
increased at a rate of 1.2%/d and gradually decreased with 
increasing temperature. The comparisons of growth between the 
laboratory experiments and the field situations are similar, 
however, there are some meaningful deviations. The results 
suggest that particle concentration alone is an insufficient means 
of defining food quality with respect to growth. Further 
information on intake, assimilation and biochemical composition of 
the food source (algae) is required. 

Walz, N. 1978g. The production and significance of the Dreissena 

population in the nutrient cycle of Lake Constance. Archiv fuer 
Hydrobiologie. 82: 482-499. (Abstract/Summary- English, Paper- 
German). 

The significance of the Dreissena polvTnorpha Pallas in Lake 
Constance was studied based on past unpublished experimental data. 
The population produced 5.59 C /m*/a. The first generation 
contributed about 98% to the total production. The production 
rate was highest in spring when 80% of the annual total was 
produced. The grazing effect of the population was unimportant. 
Biodeposition was significant for the nutrition of the benthic 
bottom fauna. 



Walz, N. 1989. Personal communication regarding the recent spread of 
Dreissena polymorpha to North America, Great Lakes region. 

Possession of a free- swimming, nonparasitic veliger larvae 
and the ability to affix itself to hard substrates (e.g. boats, 
nets, etc.,) by a byssus thread has fascilitated the dispersion of 
Dreissena p ol ymorph^ . These characteristics also fascilitate 
infestation of water intake pipes of water plants and industry. 
However, mussels are only dangerous for plants taking epi limnetic 
water with high algal concentrations (food source). Larvae are 
sucked inside the pipe, settle and affix to the inside surface. 
The following measures were suggested to minimize the impact of 
infestations of Dreissena DolymorDha : 

1) chlorination of infested water pipes. This also prevents 
further infestation. 

2) in deeper lakes, take water from greater depths (decreased 
algal concentration and hence mussel occurrence in the 

hypol imnion) . 

3) support breeding of water birds (resting zones, reeds, etc.,) 
which feed intensively on older individuals of Dreissena . 

4) therapy of the lake to achieve higher secchi transparency and 
lower algal concentration. 



Whitehouse, J.W., H. Khalanski, M.G. Sarogola and H.A. Jenner. 1985. The 
control of biofouling in marine and estuarine power stations: A 
collaborative research working group report for use by station 
designers and station managers. Central Electricity Generating 
Board, Surrey, England. 48p. 

A wide range of organisms were found to colonize cooling 
systems leading to loss of efficiency and mechanical damage. 
Fouling control is needed to reduce the risk of fouling and the 
risk of consequences following the development of a fouled cooling 
system. The choice of methods was determined by efficiency, cost 
and environmental acceptability. A list of methods which have 
been used as anti fouling treatments was appended. However, most 
were not applicable to power stations. Additional data and 
information was given on other aspects of the fouling problem. A 
monitor was described which enabled one to observe the settlement 
of young mussels. In addition, the biological basis of chlorine 
toxicity to mussels was explained, as well as the effects of its 
use on marine organisms. 

Wiktor, J. 1963. Research on the ecology of Dreissena Dolvmorpha Pall. 

in the Szczecin lagoon (Zalew Szczecinski). Ekologia Polska-Seria 
A. 11: 275-280. 

Dreissena polvmorpha can be found in colonies as large as 
114,000 individuals/m^ Beds of Dreissena (defined as > than 
3,000 ind./m*) occur along the sandy banks encircling the Szczecin 
lagoon. Greatest densities were found in places where the margin 
of the sand banks exhibits intensive accretion. It is thought 
Dreissena hastens accretion by coagulating inorganic seston with 
mucus, undergoing mechanical retention of suspened matter in the 
porous structure of the bed, and adding the accumulation of dead 
shells. Individuals of Dreissena may live up to 5 years attaining 
a length of 28-30 mm. Forty-two percent of the population is 
composed of first year individuals and, coincidently, population 
mortality approximates 42%. Mortality of individuals consist 
mainly of older individuals located on the bottom layer of the 
colony. The younger individuals (of the upper layers) effectively 
deprive older individuals of food and oxygen. As such, only 9% of 
fourth year individuals reach the maximum life span of five years. 

Zadory, L. 1983. Freshwater molluscs as accumulation indicators for 
monitoring heavy metal pollution. Z. Anal. Chem. 317(3-4): 375- 
379 (Abstract - Life Sciences Collection). 

For monitoring heavy metal pollution of streams in urban 
and industrial areas residue analyses were undertaken in different 
aquatic invertebrates with special regard to the freshwater 
Bithynia tentaculata . Physa acuta . Radix pereora and Dreissena 
polymorpha to define the heavy metal residues in shell and soft 
body parts in natural populations. To control the distribution 
and dynamics of the heavy metals, the accumulation and elimination 



behavior is determined after experimental contamination tests with 
cadmium, lead and zinc and their complexes foe synergisms on 
standardized populations under laboratory conditions. 



Zhdanova, G.A. and S.L. Gusynskaya. 1985. Distribution and seasonal 
dynamics of Dreissena larvae in Kiev and Kremenchug reservoirs. 
Hydrobiological Journal. 3: 35-40. (English translation of 
Gidrobiologicheskii Zhurnal). 

Dreissena larvae in Kiev and Kremenchug reservoirs differ 
substantially in terms of distribution and abundance. In the 
former, they were encountered throughout the entire reservoir, but 
their primary mass was concentrated in the middle and lower parts; 
In the latter, they were concentrated primarily in the lower 
regions of the reservoir. Biomass of Dreissena larvae in the more 
productive Kremenchug reservoir was slightly higher than found in 
the Kiev resevoir. Seasonal dynamics of veliger abundance, in 
both reservoirs, was similar exhibiting large scale development in 
the summer period, low abundance in the spring and autumn, and in 
some years contributing to part of the winter plankton. 

Ziegler, G. 1987. Development of a supraregional molting site of the 
tufted duck Avthva fuligula in north-eastern Westphalia West 
Germany. Vogelwelt. 108(2): 67 - 70. (Abstract - Biomass 
Previews). 



About 1980 the Tufted Duck began to use a gravel -pit reserve 
("Haverner Marsch" - 52.26 N, 9.00 E) as a moulting-site. The 
moulting birds probably originate from a distance of more than 200 
km because of the low numbers of breeding Tufted Ducks in 
Westfalia and the immediately bordering Lower Saxony. The reasons 
for the positive development are probably high densities of 
Dreissena Dolvmorpha and the partially lack of Kuman disturbance. 
On the other hand, the negative effects of hunting in this reserve 
are discussed. 



Zolotareva, V.I., A.V. Hakhonina and A.K. Dyga. 1978. The filtration 
ability of Dreissena bugensis ANDRUSOV. English Abstract In 
Malacological Review, Volume 11, 1978. 

Animals were caught in a waterbody before the experiment and 
were kept for 2 days in a suspension of Chi ore! la sp., the 
concentration of which was up to 0.1 mln cells/ml. The animals 
were then placed into 250 ml water from the same waterbody and 
with a pre-set concentration of Protococcaceae (0.081 to 0.980 mln 
cells/ml). The average diameter of the cells was 4 um. Two to 5 
specimens of small molluscs (5 - 10 mm) were placed in 50 ml of 
algal suspension, while 1 specimen of a larger size (10 - 31 mm) 
was placed in 100 ml of suspension. Simultaneously, a control test 
was made. The experiments lasted 1 - 2 hours at a temperature of 



I 

20.3 C, and they were repeated from 3 to 11 times. Variations in 

the concentration of algae were determined by the change in the 

optical densisty of the algal suspension on a I 

photoelectrocalorimeter. Results were compared with those obtained 1 

by a direct count of Chlorella sp. under the microscope. 

It was established that in molluscs of different size 
the filtration rate depends on the size (weight) of the 
animals. There was a tendency for the absolute filtration 
rate to increase with increasing size of the molluscs, while 
the relative filtration rate decreased with increasing size 
of the molluscs. 



APPENDIX II 



CORRESPONDENCE 



People contacted by phone: 



Or. P. Hebert, Great Lakes Institute, 
University of Windsor 

Mr. B. Kovalak, Detroit Edison 

Mr. J. Leach, Lake Erie Fisheries Station, 
Ministry of Natural Resources 

Dr. I. Leitch, Biological Research Division, 
Ontario Hydro 

Mr. D. Schloesser, U.S. Fish and Wildlife Service, 
Ann Arbor 

Dr. P. Scott, Geology Department, McMaster University 



People Written to: 



Dr. H. Jenner, Environmental Research Division, 
NV Kema (repl ied) 

Dr. K. Lewandowski, Department of Hydrobiology, 
Polish Academy of Science (replied) 

Dr. B. Morton, Department of Zoology, 
University of Honk Kong (replied) 

Dr. N. Walz, Institute of Zoology, 
University of Munchen (replied) 



